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Abstract 
Infantile muscular torticollis (IMT), a spectrum of disease including 
Sternomastoid Tumour (SMT), Muscular Torticollis (MT) and Postural Torticollis 
(POS), has been widely discussed for centuries. However, the efficacy of the various 
conservative treatment methods is still in doubt. Prompted by this finding, this 
research was conducted to establish a differential intervention programme for early 
IMT of different severity. 
A pilot study was conducted on 24 infants (aged less than 1 year) to test the 
reliability of measuring the passive rotation range of the neck using a pendular 
electronic goniometer and specific measurement procedures. Test results indicate that 
the measurement method is highly reliable in intratester intrasession. intratester 
intersession, and intertester measurements (R=0.872, 0.786 and 0.910 respectively). 
Therefore, this measurement method was used to grade the severity of IMT and their 
response to treatment. 
The clinical study comprised two parts. In Experiment 1, 60 moderate IMT 
(aged less than 4 months) with initial deficit in passive neck rotation (PROT) 
between 10° to 25° were randomly assigned to the manual-stretch and home treatment 
groups. Based on the literature review on the potential physiological rationale of 
active home treatment programme, this programme was routinely practised on all 
patients of this study. In addition to this protocol of the home treatment group, 
patients of the manual-stretch received manual stretching performed by 
physiotherapist. 
All patients regained full passive range of the neck after treatment. The mean 
treatment duration required by the manual-stretch group was not significantly shorter 
than that of the home treatment group (1.4 months [SD=0.9], and 2.2 months 
[SD = 1.5] respectively, p=0.117). These results indicate that active home treatment 
programme alone is effective in treating early case of moderate IMT. Furthermore, 
additional use of manual stretching cannot shorten treatment duration. 
3 
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In Experiment 2, 30 severe IMT (aged less than 4 months) with initial PROT 
greater than 25^ were recruited by first come first service principle, and treated by 
the same protocol as that of the manual-stretch moderate group. These severe IMT 
were excluded from the comparative study for ethical consideration. 
Treatment results of the severe patients were analyzed together with that of 
the manual-stretch moderate group to test the determinants of treatment duration for 
IMT receiving manual stretching. Among the four factors tested: type of IMT, initial 
PROT, age at start of treatment and occurrence of clicking the mass of SMT; 
treatment duration is found to be negatively associated with increase in initial PROT 
(odds ratio 0.65=for every 5° increase in initial PROT), and reduces with the 
occurrence of clicking the mass (odds ratio=6.5 if no clicking occurred). 
This study validated a reliable measurement for grading the severity of IMT 
and its progress with treatment. Moderate IMT can be effective treated by active 
I home treatment programme along. When IMT of different severity are treated by 
manual stretching, treatment duration can be predicted by the initial PROT and the 
occurrence of clicking the mass of SMT. Finally, due to the lack of a control group 
1 with no treatment given, spontaneous recovery of IMT cannot be ruled out 
completely. 
.�� ‘ 
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CHAPTER 1 
INTRODUCTION 
Infantile Muscular Torticollis (IMT) is a spectrum of disease and has been a 
topic of intense discussion since the turn of this century. To date, its etiology and 
treatment remain controversial. 
Although it is well accepted that late cases with a definite tight band of the 
sternomastoid muscle should be treated operatively (Binder et al 1987，Bredenkamp 
et al 1990, Cheng et al 1994, Conventry et al 1960, Ferkel et al 1983, Gruhn et al 
1951, Lawerence et al 1989，Lee et al 1986, Minamitani et al 1990，Morrison et al 
1982, Tse et al 1987)，there is no consensus on the management of early cases 
(Armstrong et al 1865, Canale et al 1982, Chandler et al 1944, Clarren et al 1979, 
Conventry et al 1959, Hulbert 1950, Jones 1986, Kaisa 1978, Kiesewetter et al 
I 1953, Knapp 1969, MacDonal 1969, Minamitani et al 1990). Treatment 
I recommended includes pure observation, application of orthosis, active home 
programme, gentle manual stretching, vigorous manual myotomy and various type 
of operative procedures. 
Special attention should be paid to the fact that these recommended treatments 
|
were mostly based on retrospective studies that often shared some common features: 
inclusion of patients with age range when treatment was implemented; the type of 
IMT was not explicitly defined; and the severity of disease prior to treatment was 
not clearly stated. For those who eventually underwent surgical intervention, pre-
operative management was not sufficiently documented. So with these uncontrollable 
factors, direct comparison on the efficacy of different treatment methods was 
impossible. It was with the above background that this clinical research was 
conducted to establish a differential intervention programme for IMT of different 
severity. 
i \— 5 
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To standardize the measurement methodology on the severity of IMT, a pilot 
study was first conducted on 24 infants to obtain valid and reliable procedures in 
measuring passive rotation range of the neck. This measurement was then used to 
grade the severity of IMT and to serve as a guideline on the progress of the disease. 
The clinical study comprised two parts. In Experiment 1, 60 moderate IMT, 
of age less than four months and initial deficit of neck rotation range between 10° 
and 25。，were randomly assigned to the manual-stretch and home treatment groups. 
The home treatment group was treated with active home treatment programme alone, 
while the manual-stretch group received manual stretching additionally. The purpose 
of this comparative study was to evaluate whether IMT could be effectively treated 
by active home treatment programme, and if additional use of manual stretching 
could shorten treatment time. 
In Experiment 2, 30 severe IMT, of age less than four months and initial 
deficit in passive rotation of neck greater than 25。，were treated by same treatment 
protocol as that of the manual-stretch moderate group of Experiment 1. The 
treatment results for all patients receiving manual stretching were analyzed together 
I to evaluate the determinants of treatment duration and factors that precluded the 
j success of the treatment programme. 
The possible physiological rationale of manual stretching and active home 
I treatment programme was also reviewed. This was specially emphasized because 
despite the fact that these methods had been commonly used in the treatment of IMT, 
the underlining physiological rationale had seldom been mentioned in the literature. 
f 
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I CHAPTER 2 
I 
TERMINOLOGY AND CLASSIFICATION 
1 
I The term "torticollis" is derived from the Latin word "Tortus", meaning j 
！ "twisted" and "Collum', meaning "neck". Synonymous names included wry-neck, 
j stiff-neck, caput obstipum, crooked-neck, scoliosis capitis and twisted-neck. 
|i Synonoyms used include wry-neck, caput obstipum, crooked-neck, and twisted-neck. 
:: ji 
i Infantile muscular torticollis is a spectrum of disease, including both 
congenital and acquired. It is also commonly known as congenital torticollis, 
congenital muscular torticollis, neonatal torticollis and can be subclassified into 






i; Sternomastoid tumour (SMT) is characterized by the pseudotumour found in 
i： 
}： the substance of the sternomastoid muscle (SCM). Sometimes the whole muscle may 




!： Muscular torticollis (MT) is defined by the presence of tight muscle band of 
i.: 
f the SCM with limitation in neck range. It can be further classified into early and late 
I： cases. The muscle column of late cases are cord-like with the touch like tendon. 
They are usually preceded by the presence of SMT. Early cases of MT of a few 
weeks' age had been described by Jones (1986) and Ling et al (1972), but was 
uncommon in other literature. 
Postural torticollis (POS) is usually associated with plagiocephaly and facial 
asymmetry. The characteristic head tilting is probably due to muscle imbalance of 
the neck muscles. Although this category constituted more than one quarter (Cheng 
et al 1994) to two third (Hulbert 1965) of IMT, it is described infrequently in 
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Apart from the three main categories of torticollis listed above, other common 
： ! 
I causes of torticollis include osseous and ligamentous abnormalities, trauma, 
infections, inflammations, neoplasms, spasmodic, ocular and neurologic disorders 
(Bredenkamp et al 1990, Kiwak 1984, McDaniel et al 1984). 
Due to the limitation in information of POS and the obvious differences of 
this category from SMT and MT in etiology and pathogenesis, literature review of 
I this category was confined to section 3.10 while the rest of literature review 
I concentrated on both SMT and MT. 
Figure 1: Sternomastoid Tumour 
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CHAPTER 3 
% 
REVffiW OF LITERATURE ON IMT 
3.1 Anatomy of Sternomastoid Muscle 
3.1.1 Embryology (Chandler 1953) 
In mammals, the trapezius and sternomastoid muscle share the same origin 
and innervation. They originate from a single muscle mass in the branchial arch. It 
first appears in the 7 mm. embryo, posterior to the caudal occipital. Differentiation 
of muscle mass begins at 9 mm. embryo and completes by 16 mm. stage. The 
sternomastoid extends from the mastoid process to the clavicle. The trapezius 
acquires the adult position by 20 mm. stage. Both muscles are innervated by the 
spinal part of the accessory nerve and by branches of the anterior rami of the 
cervical nerves (Chandler 1953). 
3.1.2 Anatomy (Chandler et al 1944，Lidge et al 1957) 
The sternomastoid muscle is a large, lateral, oblique muscle of the neck 
region. It shares a continuous attachment with the trapezius, and the former extends 
from the onion to the tip of the mastoid process. This aponeurotic attachment forms 
the superior nuchal line. The position of the mastoid process which constitutes one 
end of this line is the result of the downward, forward, and medial pressure exerted 
by the pull of the sternomastoid. Distally, one head of the sternomastoid is attached 
to the superior border of the medial third of the clavicle, while the other head 
crosses in front of the sternoclavicular articulation and is joined by fibrous tissue to 
the manubrium stemi. The tendons are comparatively short and the fibre bundles run 
nearly parallel from origin to insertion. 
9 
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Deduced from the work of Nove-Josserand and Viannay (1906) in stillborn 
foetus, Middleton proposed that the SCM is composed of three portions (Middleton 
1930). Each portion retained its own original arterial supply and consequently its 
own venous return. However, Middleton's proposal was disproved by Chandler et 
al in 1944. 
According to the findings of Chandler et al's dissection of the sternomastoid 
muscles from 10 stillborn infants, the SCM is enveloped by a double layer of the 
external cervical fascia. It is usually made up of five or more distinct muscle bellies. 
Those most consistently found are: 
(i) Superficial sternomastoid 
(ii) Superficial sterno-occipital 
(iii) Superficial cleido-occipital 
(iv) Deep sternomastoid 
(v) Double deep cleidomastoid 
3.1.3 Blood Supply (Chandler et al 1944) 
The blood supply is quite extensive, arising from five or more main arterial 
sources: 
(i) The occipital branch of the posterior auricular supplies the upper 
portion of the muscle near its aponeurotic insertion. This branch 
frequently anastomoses with the occipital artery. 
(ii) The sternomastoid artery or muscular branches of the occipital artery 
supply the upper portion of the muscle with many large major 
branches which reach all muscle bellies. 
(iii) The sternomastoid branch of the superior thyroid artery supplies the 
middle and part of the lower third of the sternomastoid muscle and 
sends branches down to the two chief muscle divisions. 
10 
(iv) A branch of the transverse scapular artery supplies the lower portion 
of the muscle by many secondary branches. 
(v) An arterial branch of the ascending branch of the transverse cervical 
artery supplies the lower lateral portion of the muscle. 
The vessels of venous drainage of the sternomastoid muscle are even more 
profuse. Apart from the overlapping of venous drainage areas, there are numerous 
communications between the main venous channels both within the muscle substance 
and on its surface. The venous drainage of the sternomastoid muscle anastomoses 
with all major veins of the neck, the internal, the external and the anterior jugular, 
the transverse scapular, the occipital, the posterior auricular, the posterior facial and 
the anterior facial veins. 
3.1.4 Nerve Supply (Chandler et al 1944) 
The nerve supply of the sternomastoid muscle is made up of both visceral and 
somatic motor branches. Its motor supply arises chiefly from visceral fibres of the 
spinal accessory nerve. The muscle also receives both motor and sensory fibres from 
the second, third and fourth cervical nerves. The spinal accessory nerve runs deep 
; to the muscle and usually lies between the bellies of the cleido-occipital portion of 
I the muscle in its middle third in close approximation to the muscular branches from 
i the occipital artery. 
3.1.5 Function (Gray et al 1989) 
Contraction of the SCM tilts the head towards the shoulder of the same side 
and rotates the head to the opposite side. Bilateral Sternomastoid muscles act 
together to extend the head at the altanto-occipital joint and flex the cervical part of 
the vertebral column. If the head is fixed by contracting the pre- and postvertebral 
muscles, the two sternomastoid muscles can act as accessory muscles of inspiration. 
- ” 
1 2 Pathology of SMT and MT 
3.2.1 Dissected Pathological Muscle 
The tumour removed surgically varied from 1 to 3 cm in diameter and 
appeared as firm, round to ovoid masses within the body of the SCM or occasionally 
without a recognizable muscle coat. On section the surface was white, greyish-white, 
or pinkish-white, depending on the amount of surviving muscle within it. A true 
capsule was invariably lacking, and the border of the mass usually had a blurred 
appearance caused by the interdigitation of the fibrous tissue and relatively 
！ uninvolved bundles of the striated muscle (Chandler 1948, Kiesewetter 1953). 
Part or all of the muscle belly was involved. The upper end and the 
peripheral rim was usually spared in the less severe cases (Chandler 1948). Brown 
and McDowell (1950) observed that the scar replacement within the SCM usually 
extended from the clavicle to the skull; it might be partial or complete throughout, 
or might be complete in the lower segment and partial above. MacDonal (1969) 
S found in established torticollis that the clavicular head commonly had contracture. 
•' Jahss (1936) described ten "clavicular" torticollis, "the clavicular portion of 
the muscle is very prominent. It extends longitudinal from the mastoid almost to the 
I midpoint of the clavicle and is not blended with the sternal portion at all. There is 
a distinct hiatus between the muscle bellies,... it pulls the head directly to the same 
side, but does not rotate the chin to the opposite side.... On the affected side the 
neck appears webbed" (1065, 1066). 
3.2.2 Histological Studies 
[ [-
The pathological pattem reported by various authors was very consistent. 
Microscopic sections showed muscle fibres in all stages of degeneration. Fibrous 
tissue was abundant and occasionally normal muscle fibres survived. These were 
12 
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usually at the periphery of the fibrous mass. No evidence of haemorrhage or residual 
haemosiderin was present, even in specimens removed in the earliest weeks of life 
(Chandler 1948, Gruhn et al 1951, Mickelson et al 1975). Signs of early attempts 
at regeneration of muscle fibres were also noted. There was no evidence of intrinsic 
vascular lesions such as haemangioma，venous or arterial thrombi of occlusions 




i Histological studies of MT had been done (Mickelson et al 1975, Reye 1951). 
1 Many sections contained no muscle fibres. The collagen fibrils were often arranged 
i in tight parallel bundles with little interstitial ground substance, thus resembling 
j tendon or ligament. 
丨  
M 
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Armstrong et al (1965) noticed in the sections from the older children that the 
muscle fibres were widely separated by a diffuse infiltration of fibrous tissue. The 
fibrous tissue in some was loose but in other areas contained abundant collagen. 
ii 
Some of the muscle fibres appeared swollen, other were thin and appeared atrophic. 
i From the histological appearance, they considered that the disease process of fi 
congenital torticollis was similar to the fibromatosis in desmoid tumours. 
Mickelson et al (1975) had examined the SCM from 5 children with MT, 
aged 1 to 5 years, by transmission electronic microscopy. The muscle exhibited a 
marked increase in interstitial collagen deposition, and scattered areas of amorphous 
ground substance with electron dense deposits. No vascular abnormalities or 
inflammatory process were observed. In these late cases, the muscle abnormalities 
were ultrastructurally consistent with immobilization degeneration, probably 
secondary to the mark fibrosis in the SCM. 
13 
1 1 Etiology of SMT 
Intensive discussion has been started on the etiology of SMT and MT for 
three centuries but it remained a mystery and no absolute conclusion could be drawn 
yet. The most commonly referred seven theories would be discussed in the following 
paragraphs. . 
3.3.1 Birth Injury Theory 
SMT was well known for its frequent association with breech presentation, 
traumatic birth, complicated delivery and primiparas birth. Many therefore attributed 
i trauma to the SCM during delivery to be the cause of SMT. 
In 1838, Stromeyer first published the theory of birth injury and correlated 
： SMT with torticollis (stated by Lidge et al 1957). He believed that abnormal 
intrauterine development of the SCM resulted in a shortened muscle which was torn 
at birth with the formation of haematoma, the SMT. The haematoma then underwent 
degeneration and was eventually replaced by the fibrous tissues that contracted and 
resulted in torticollis. However, Lidge et al (1957) cited that Witzel (1883) had 
produced haematoma experimentally by the tearing of muscles and found that no 
contracture resulted. Hulbert (1950) also disagreed with Stromyer's postulation of 
1 haematoma as the tumour was hard, discrete and there was no discoloration of the 
I skin such as that which might occur after haematoma. 
I Instead of the formation of haematoma leaded to the development of SMT, 
Brown and McDowell (1950) thought that extreme stretching of the muscle in the 
j newborns during delivery produced a necrosis of the muscle cells, without gross 
f 
^ haemorrhage, and that the fibroblastic replacement was an attempt to repair the 
't 
injured muscle. 




Sanerkin et al (1966) had reported a case with severe birth injury to the SCM 
and died forty-two hours after birth because of poor general condition. The affected 
muscle showed widespread haemorrhage, fragmentation and necrosis of its fibres, 
disruption and disorganization of the endomysia sheaths. As such type of disruptive 
‘ muscular trauma was known to lead to florid fibroblastic proliferation, formatting 
a large mass of scar tissue (desmoid tumour), they suggested that the SMT of 
infancy was actually a desmoid tumour that developed as a sequelae to severe trauma 
occurring during birth. Based on the striking similarity between the histological 
appearance, Armstrong et al (1965) also came to the same conclusion. 
Ling et al (1972) favoured the traumatic theory for the mass was frequently 
noted at about 2 weeks after birth. The high incidence of breech, forceps and 
primigravida births gave further support to the traumatic etiology of the condition. 
They also argued that the occurrence of SMT in caesarean babies could not exclude 
birth injury theory as many caesarean sections were done after prolonged or failed 
labour and damage might have occurred in the SCM. 
Despite the listed support of the birth injury theory, evidences to disprove the 
theory were convincing. Histological studies conducted by many authors (Chandler 
I 1948, Hulbert 1950, Grnhn et al 1951, Kiesewetter et al 1953, Mickelson et al 1975) 
had failed to detect or just observe sparse haemosiderin in their specimens, even 
though some were excised from infants as early as two weeks after birth. These 
I findings implicated no evidence of previous bleeding. Moreover, the development 
I of SMT in infants delivered by caesarian section, without engaging into the birth 
canal was another counter proof of the theory of birth trauma., 
3.3.2 Intrauterine Malposition Theory 
Historical evolvement of this theory was described by Lidge et al (1957) 
t:-
; comprehensively. As stated by them, in 1670, van Roonhysen first attributed this 
i；； 
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condition to abnormal pressure on or position of the head in utero. Petersen, in 
1884, 1886, and 1892, believed that adhesions formed between the amnion and the 
face of the embryo brought about a position of the head which interfered with the 
development of one of the SCM. 
Chandler et al (1944) reported the antepartum roentgenogram of a case with 
the foetus in breech position and head in right lateral flexion. This infant had 
torticollis at birth and SMT was noted at the age of 14 days. They quoted similar 
findings of Sippel (1920) and postulated that the wry-neck deformity had failed the 
foetus to engage normally in the pelvis and caused breech presentation. 
In addition, further support to this theory was included in the following 
findings: the presence of SMT for infant at birth (Chandler et al 1944); exceptional 
high percentage of breech presentation and abnormal deliveries associated with this 
disease (Conventry et al 1959, Hough 1934, Hulbert 1950, Ling et al 1976， 
MacDonal 1969, Middleton 1930); frequent coexistence of the disease with 
congenital postural deformities, including clubfoot, talipes calcaneovarus, congenital 
dislocation of hip and plagiocephaly. All these findings made it reasonable to 
； associate the disease with the theory of intrauterine moulding by abnormal pressure 
i (Morrison et al 1982). 
3.3.3 Ischaemic Theory 
To quote Lidge et al (1957) further, "Mikulicz (1895) suggested ischemia as 
^ a cause of torticollis. This theory was composed of two factors, anoxia and trauma 
to the SCM. He reasoned that compression of the umbilical cord induces forced 
respiratory movements while the fetal head is still engaged in the maternal passage; 
the SCM, being one of the muscles involved in the forced respiration, is contracted 
and thus is more vulnerable to rupture" (1172). 
• •j 
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In 1906, Nove-Josserand and Viannay suggested the arterial occlusion theory 
(stated by Lidge et al 1957). From stillborn foetus, they found that the SCM was 
composed of three parts, each with isolated arterial supply. With injection to the 
arteries of the cervical region of stillborn infants, they noted that certain branches 
of SCM did not fill when the head was moved and rotated as occurred during 
delivery. However, it should be noted that the results of such experiments in the 
cadaver should not be applied without reservation to the arterial circulation of the 
living. 
Brooks (1922) found out that ligature of arterial supply of muscle produced 
atrophy but no massive formation of fibrous tissue. Ligature of the artery and vein 
together produced the same result as of artery alone. Ligature of vein draining blood 
from the muscle resulted in remarkable series of changes in death of muscle fibres 
and a massive fibrous-tissue replacement of the whole muscle. 
I Middleton (1930)，based on the work of Brooks and his own researches on 
the sartorius muscle of dog, considered that the histological findings and timing of 
I pathological change had good correspondence with that of SMT. He therefore, 
I proposed that SMT was the result of an acute temporary venous obstruction in 
muscle during labour, resulting necrosis. He cited the dissection of Nove-Josserand 
and Viannay (1906) and believed that the SCM was composed of three segments and 
each had isolated arterial supply and venous return. Middleton thought that the thin-
j walled veins might be shut off during labour without at the same time interrupting 
the arterial supply, thus reproducing the experimental ligation of veins. Thrombosis 
might then occur in the stagnant blood occupying the greatly engorged venous trunks 
in the muscle. Middleton believed that his theory was supported by microscopic 
observation in the earlier stages of the process with SMT for 1 week. 
j Chandler et al (1944) disproved the vascular occlusion theory of Middleton 
f and Nove-Josserand, based on the anatomy of SCM found out by them. The SCM 
I： was composed of five muscle bellies with rich arterial supply and profuse venous 
s f 
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drainage anastomoses extensively both within and without the SCM. In addition, they 
pointed out that there were differences in colour and time of pathological change 
between the SMT and Middleton's result of venous occlusion. They also stressed that 
muscle cells died after six or seven hours deprived of blood supply and to produce 
this damage to the SCM by stretching or torsion of the foetal head during the second 
stage of labour, most frequently in breech delivery, it was unlikely to get a viable 
baby. 
‘ Chandler et al (1944) also objected the theory of arterial occlusion or 
i ischaemia, with the argument that the pathological changes of muscle after arterial 
occlusion was extreme atrophy and disintegration, not fibrosis as was the case in 
MT. In addition, they noticed that on surgical removal of SCM, the arterial branches 
bled freely. According to their histological study, the possibility that birth injury 
produced arterial spasm and ischaemia was also ruled out. Furthermore, Hulbert 
(1950) considered the fact that the appearance of SMT towards the end of the second 
week of extra-uterine life, with mature cellular fibrous tissue, suggested that the 
pathological process was unlikely to occur just at the time of birth. 
Meanwhile, Armstong et al (1965) argued that if the tumour was related to 
chronic venous obstruction in utero as a result of positional abnormality, the phase 
of marked swelling and tumefaction would have occurred prior to birth, leaving only 
a fibrotic SCM with deformity. They would also expect involvement of other tissues 
in addition to one neck muscle. Moreover, this mechanism only supported the 
mechanism of breech birth or failure of the head to engage normally, it did not 
explain the delay in appearance of the SMT. In fact, venous occlusion had never 
been demonstrated in dissection of microscopic examination. 
New support to the theory was raised by Davids et al (1993), who had 
•i 
successfully demonstrated the anatomical and functional SCM compartment by 
dissection and injection studies in 2 adult cadavers, and pressure studies in 3 
patients. Another observation made by them was that manipulation of the cadaver 
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head and neck into a position of forward flexion, lateral bending, and lateral rotation 
caused the ipsilateral SCM to kink on itself in midsubstance. None of the other neck 
muscles illustrated such clicking during the manoeuvre. 
Moreover, from their magnetic resonance imaging studies on 10 IMT 
patients, aged from 4 weeks to 5 years, they found that the entire muscle was 
pathologically involved and it shared very similar scan signals with those of 
compartment syndrome of the leg and forearm. Based further on the clinical review 
of 48 IMT on the relationship between birth position and the side affected by the 
contracture, they proposed that IMT was the sequelae of intrauterine or perinatal 
compartment syndrome. The mechanism of injury was a localized kinking or crush, 
resulting in ischaemic, reperfusion, and neurologic injuries to the SCM similar to 
those occurred in compartment syndrome. The presence of IMT in babies bom by 
I caesarian section for breech position, in which the head and neck never enter the 
birth canal, confirmed that other mechanisms of injury did exist. 
I Although Davids et al (1993) had demonstrated complete involvement of the 
whole SCM in their 10 cases, many authors had reported partial involvement of the 
muscle. The preserved areas were mostly found at the upper one third, the periphery 
I and the clavicular portion of the muscle (Chandler 1948，Gruhn et al 1951, 
j Kiesewetter et al 1953). This incomplete involvement put the compartment syndrome 
theory in doubt. Besides, similar to the argument raised by Chandler et al (1944) 
！ opposing the venous occlusion theory, it was difficult to explain how the kinking of 
muscle which occurred during such a short period of delivery, could induce such 
drastic pathological change in the SCM. Moreover, the kinking of muscle 
I demonstrated on the two adult cadavers could not be directly applied to new born 








3.3.4 Neurogenic Theory 
The neurogenic theory was suggested by Golding Bird in 1893 (stated by 
Chandler et al 1944). However, microscopic sections at various stages and ages in 
no way resembled with that seen in muscles with the spastic or paralytic type of 
nerve involvement or in neuromuscular dystrophies. 
I 3.3.5 Infectious Theory 
In 1885, Bolkman proposed the infectious theory (cited from Lidge et al 
1957). He thought that muscle changes were due to infection in utero. Again 
organisms had never been cultured, experimental inoculations had failed, 
! polymorphonuclear leucocytes were rarely seen even in the acute stage and signs of 
infection were not found in the muscle (Chandler et al 1944). 
3.3.6 Hereditary Theory 
The hereditary theory suggested that the deformity was due to abnormal 
formation or defects, of a hereditary nature, of the anlage of the SCM (Lidge et al 
1957). Although some authors had reported familial incidence, it seemed to occur 
sporadically only. 
MacDonal (1969) reported that 9 out of 102 cases of SMT and MT had a first 
or second degree similarly affected relatives. In Morrison et al's series of 232 
torticollis, 6 had positive family history (1982). Thompson et al (1986) also reported 
5 female children who were interrelated and had IMT. In addition, Suzuki et al 
(1984) described 6 families with family history of torticollis. With the observation 
of 9 torticollis in 3 families, all delivered by single breech presentation, they 
concluded that the family history of torticollis might be due to family history of 
single breech presentation. 
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3.3.7 Combined Theory 
Chandler et al (1944) believed that MT was resulted from intrauterine 
malposition and ischaemia, with pressure as a contributory cause. This was 
supported by Sippel's roentgenogram of foetus and a case of their own. The 
roentgenogram that was taken before delivery showing a lateral flexion of the head 
with rotation and delivered by caesarian section. Both cases developed torticollis and 
SMT after birth. They thought that the pressure deformed the shape and features of 
the head and localized ischaemia might exist for relatively long period so that the 
SCM became atrophic, maldeveloped, fibrous, shortened and ischaemic. These 
changes of the muscle might render it more liable to traumatic damage even under 
a normal delivery, which would not damage the normal SCM. Kiesewetter et al 
(1953) shared similar viewpoint and stressed that abnormal presentation increased the 
possibility of head malposition, but extreme lateral inclination of the head could 
occur even in a vertex presentation as well. 
After reviewing l08 foetal radiographs taken at 9 or 10 months of gestational 
age, Suzuki et al (1984) noticed that the flexed posture of the cervical spine was 
common in both cephalic and double breech presentations, while the extended 
posture of the cervical spine was present in 74% ( 14 out of 19) of single breech 
presentations. They therefore speculated that shortening or delayed growth of the 
SCM might occur before delivery because the head of foetus was extended in the 
uterus of the single breech presentation. The shortened SCM might be strongly 
stretched and damaged before other muscles, ligaments of the spine at the time of 
delivery. Further support was given by the raised incidence of torticollis from 1.9% 
to 51% in babies with obstetric paralysis and 95% of torticollis was found on the 
same side as the paralysis. Strong traction applied to the shoulder or neck or trunk 
of the large babies resulted in obstetric paralysis as well as injury to the SCM, 
leading to torticollis. Besides, infants delivered by caesarean section might also be 
subjected to strong stretching of their neck by violent extraction, thus did not exclude 
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Suzuki et al had made a big step to correlate cervical posture with fetal 
presentations. However, presentation revealed by radiographs taken at 9 or 10 
months gestational age may not be maintained by the foetuses for a prolong period 
I to allow development of shortened SCM. In addition, some confusion comes up as 
this study had included torticollis both with and without tumour, which may actually 
be caused by different etiology. 
I 1 fi 
1 3.3.8 Conclusion 
i !! i.' 
i 
: 丨 
After listing the seven theories and arguments in the above paragraphs, it is 
obvious that none of them can fully illustrate the mechanism leading to the formation 
of the mysterious SMT: it is usually found in infants who are one to four weeks after 
birth; unilateral involvement of the SCM; the SCM may have partial or complete 
ri 
j involvement; and the difference in the fate among SMT of similar involvement. It 
is hoped that with new advance in technology and more detail epidemiological data, 









In computing the epidemiological data, confusion in terminology, lack of 
! 
j exact number of individual categories and wide age range made direct comparison 
j rather difficult. 
3.4.1 Incidence 
The incidence of SMT was first reported by Conventry et al (1960) to be 
‘ i 
0.45%. This was calculated from 35 SMT out of 7,835 resident-bom infants 
examined by the Mayo Clinic in Rochester, Minnesota. In Cheng et al's (1994) 
series of 624 infantile torticollis, who were aged one year or less, the overall 
incidence of Chinese children was 1.3%: 0.36% postural, 0.46% SMT and 0.47% 
MT alone. 
Suzuki et al (1984) reported 43 cases of torticollis at the Otsu Red Cross 
Hospital. Without specified the types of torticollis, they reported an overall incidence 
of congenital torticollis was 1.9% cases per live birth from 1978 to 1981. Their 
analysis indicated that the incidence varied with presentation at birth; incidence was 
1.2% in cephalic, 6.5% in double breech, 4.2% in footling and 34.0% in single 
breech. They attributed the excessive high incidence in single breech presentation 
was due to the extended cervical spine of the foetus, resulting in damaging stretching 
of the SCM during delivery. They also observed that torticollis developed in 51% 
ofthe babies who had obstetrical paralysis, probably due to the strong traction force 
experienced by the SCM during delivery. 
Difference in racial incidence was reported by Ling et al (1972) in their series 
of 150 SMT and MT. They found that the incidence of Chinese was 0.084 %, closely 
resembled with the 0.085% of Indians and Pakistanis. However the incidence of 
Malay was only 0.017%. The overall incidence of this series was 0.059%. This was 
excessively lower than that of the other series. 
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! 3.4.2 Predominance of Sex 
A summary on distribution of number of patients in each sex were listed 
i 
丨 separately and then together in Table 1. Although individual series showed different 
y 
predominance in sex, overall figure showed that the prevalence of male was slightly 
greater than that of the female in both SMT and MT groups, 1.27:1 and 1.08:1 
respectively. The overall ratio of the two groups together was 1.22:1. 
H 
3.4.3 Predominance of Side 
Predominance of right side was persistent in both SMT and MT groups, and 
in most of the reviewed literatures (Table 2). 
Right side predominance of SMT and MT was also noticed to increase in 
infants born by breech presentation (Conventry et al 1959, Low et al 1972, 
MacDonal 1969). 
Davids et al (1993) noticed that 8 out of 9 babies with left occipitoanterior 
or left occipitotransverse presentation had left-sided torticollis. Of the 2 cases of 
shoulder presentation, the affected SCM was contralateral to the presenting shoulder 
side. 
3.4.4 Presentation and Delivery 
The high association of abnormal presentation, mainly breech, and 
complicated delivery with all types of IMT were consistent in all literature. The 
overall incidence of abnormal presentation was 30%, ranging from 11% to 47%. 
This figure was considerably higher than the 3 to 5% of the general population. The 
overall incidence of complicated delivery was 55%, ranging from 18 to 92%. The 











Author Type Number Boys Girls 
Conventry et al (1950) SMT 33 18 15 
Davids et al (1993) SMT 48 20 28 
Hulbert (1950) SMT 35 16 19 
Ling et al (1972) SMT 113 62 51 
MacDonal (1969) SMT 50 30 20 
Zhou et al (1982) SMT 605 345 260 
Canale et al (1982) MT 57 27 30 
Ferkel et al (1983) MT 34 12 22 
Hough (1934) MT 57 27 30 
Lee et al (1986) MT 33 15 18 
Ling et al (1972) MT 37 27 10 
MacDonal (1969) MT 52 29 23 
Total SMT 884 491 (56%) 393 (44%) 
MT 270 141 (52%) 129 (48%) 
Both 1154 632 (55%) 522 (45%) 
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Table 2: Side of involvement of SMT and MT 
Author Type Number Right Left 
Conventry et al (1959) SMT 33 17 16 
Davids et al (1993) SMT 48 21 27 
Hulbert (1950) SMT 35 18* 17* 
Ling et al (1972) SMT 113 81 27 
MacDonald (1969) SMT 50 38** 13** 
Canale et al (1982) MT 57 31 26 
Hough (1934) MT 57 31 26 
Ling et al (1972) MT 37 25 12 
MacDonal (1969) MT 52 35 17 
Total SMT 884 535 (60%) 350 (40%) 
MT 203 122 (60%) 81 (40%) 
Both 1088 657 (60%) 431(40%) 
* Deduced from proportions stated 
** Bilateral involvement 
( 26 
i • ., 





Table 3: Presentation and Delivery of IMT 
； . 1 .-1 
Author Number & Breech & Complicated First 
Type Others Delivery Born 
Conventry et al (1959) 35 SMT 40% 43% 54% 
Davids et al (1993) 48 SMT 23% 92% 11% 
Hough (1934) 35 SMT 29% 57% — 
Hulbert (1950) 33 SMT 40% 69% — 
Ling et al (1972) 113 SMT 47% 61% 49% 
MacDonal (1969) 50 SMT 37% 63% >50% 
Middleton (1930) 64 SMT 28% 83% 67% 
Canale et al (1982) 57 MT 23% 42% — 
Ferkel et al (1983) 33 MT 12% 18% 52% 
Lee et al (1986) 33 MT 12% 27% 52% 
Ling et al (1972) 37 MT 41% 55% 46% 
MacDonal (1969) 52 MT 45% 63% — 
Binder et al (1987) 277* 11% 48% — 
Cheng et al (1994) 624* 13% 62% — 
Kiesewetter et al(1955) 46* 38% 57% — 
Morrison et al (1982) 232* 28% 43% — 
Suzuki et al (1984) 43* 47% — — 
Total 1812 
Average 30% 55% 57% 












i Congenital anomalies associated with IMT were usually related to intrauterine 
malpositioning and traumatic delivery (Table 4). 
• I 
Incidence of congenital dysplasia of hip ranged from 2% to 29% in the 
English literature. Hummer et al (1972) expected the prevalence of the two 
conditions together would be higher than 20%. They therefore strongly 
recommended that all children with congenital muscular torticollis should undergo 
a careful clinical and roentgenographic examination of both hip joints. It was also 
worth mentioning that among the reported series, only Hummer et al (1972) reported 
3 out of 14 cases and Morrison et al (1982) reported 6 out of 30 cases, had 
contralateral hip disease, others were all ipsilateral or occasionally bilateral. 
Morrison et al (1982) reported an incidence of 14% of lower extremity 
rotatory and positional anomalous conditions, including internal tibial torsion, 
clubfoot, calcaneal valgus, flexible pes planus, metatarsus adductus and hallux 
valgus. 
Other common positional anomalies included crumpled ear and facial nerve 
palsy (Binder et al 1987，Cheng et al 1994, Morrison et al 1982). Trauma induced 
congenital anomalies that were most frequently associated with IMT included 
brachial plexus palsy and fracture clavicle. 
Middleton (1930) stated that 11 out of 54 Erb's paralysis had sternomastoid 
tumour. Suzuki et al (1984) noted that IMT developed in 51% of the babies who had 
obstetrical paralysis. Of the patients with severe paralysis and subsequently needed 
operation for residual paralysis, 61% of them had torticollis. Moreover, 95% of 
torticollis was found on the same side as that of the obstetrical paralysis. 
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Apart from the above, an interesting phenomenon was reported by Binder et 
al (1987). They noticed in their series of 277 IMT, 25.3% had developmental 
asymmetry or high tone due to limited mobility in the cervical spine. 
Table 4: Incidence of common anomalies associated with IMT 
Author No. CDH Leg Face Erb，s Palsy 
Problem Deformity & # Clavicle 
Armstrong et al 92* 2% — — 3% 
(1965) 
Binder et al 277* 6% 1% 2% -
(1987) 
Canale et al 57 MT 7% — --- — 
(1982) 
Cheng et al (1994) 624* 2 % < 6 % > 
Conventry et al 33 SMT 3% — — 6% 
(1959) 
Ferkel et al 34 MT 29% — — — 
(1983) 
Hummer et al (1972) 70* 20% — — — 
Lee et al (1986) 34 MT — 3% — — 
MacDonal (1969) 50 SMT 2% — — — 
Morrison et al 232 * 13% 14% 1% — 
(1982) 
* type of IMT not specified 
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3.5.1 Sternomastoid Tumour 
1 
！ This mass of hardening found within the substance of the SCM is usually 
recognized from one week to four weeks after birth. Presence of this SMT at birth 
is rather rare but was reported by Chandler et al (1944). The size of the SMT varies 
from 1 to 3 cm in its largest transverse diameter. It feels firm, fibrous and at times 
cartilaginous. It is smooth, movable beneath the skin and apparently tender to touch 
(Chandler 1948). 
With the tumour most frequently located initially at the lower end of the 
sternal portion of the SCM (Chan et al 1993), it grows in size both longitudinally 
upward and circumferentially outward in the following 3 to 5 weeks. Many authors 
notice that the upper end and the peripheral rim is usually spared in the less severe 
cases (Chan et al 1992, Chandler 1948, Gmhn et al 1951, Mickeson 1975). In the 
severe cases, the whole muscle, from proximal to distal, and even the clavicular 
portion is involved. After reaching its maximum size, the tumour will then gradually 
recede at varying rates, in an pattern reversed to its expansion. Occasionally, the 
mass may persist until the age of one year. Cheng et al (1994) observed that the 
typical head tilting and tightness of the SCM does not necessarily proportional to the 
size of the tumour. 
In most cases, the muscle tightness subsides after the tumour has resolved. 
In some cases, a true torticollis may develop while the tumour is diminishing in size. 
The head will then become tilted towards the opposite side and rotation towards the 
affected side diminishes. A prominent cord-like tight muscle band with decrease 
elasticity on touch becomes evident. The whole muscle has actually undergone 




3.5.2 Muscular Torticollis 
1 
1 
i The definition of MT is presence of tightness in the SCM. With this 
.丨4 
definition, late muscular torticollis with a prominent tight muscle band and previous 
‘•！ ； J 
history of SMT, is obviously a distinct entity. However, the classification of early 
muscular torticollis, in the earliest weeks of life, is less certain. 
Jones (1986) had described 34 early MT, who were a few weeks old, with 
the outcome of these 34 MT was very similar to his series of 100 SMT. As Jones 
had defined MT as fibrous sternomastoid without 'palpable' tumour, confusion may 
be aroused by misinterpretation of palpation. It is likely that the MT cases described 
by Jones were actually SMT with extensive and homogeneous involvement of the 
whole SCM. Another possible confusion is caused by transient spasmodic torticollis, 
a condition that the SCM hardens because of muscle spasm. Transient spasmodic 
torticollis had been described by Anderson (1893, as cited by MacDonal [1969]) and 
Hulbert (1950), probably as a result of birth trauma. 
The reported incidence of MT out of SMT varied with different authors. 
Middleton (1930) reported an exceeding high rate that 25 out of 36 SMT had become 
MT. Hulbert (1950) believed that four out of five SMT resolved spontaneously 
without any deformity and corresponding incidence was also quoted by Jones (1986). 
Meanwhile, MacDonal (1969) reported that one baby in 7 SMT developed into MT. 
This was close to the 6% described by Conventry et al (1959). 
Middleton (1930) found out that the deformity seldom became obvious until 
the neck began to lengthen at about the age of three years. Ling (1976) recognized 
two peaks of MT during infancy; one below the age of one month and the other 
above the age of three months. The majority (42%), however, presented after the 
age of one year. 
Conventry (1959) attributed the extent of involvement of the muscle by the 
tumour might be the factor that resulted in different fate of SMT. He suggested that 
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J if enough normal muscle remained, it could grow，stretch and adapt to the 
t 
environment of growth and development and no deformity would be resulted. 
Similarly, Jones (1986) considered that torticollis might develop at any age, 
• .1 ；•；] 
depending on the severity, the distribution of the fibrosis, and the individual pattem 
of growth in the particular patients. 
It should also be noted that this difference in incidence of post-tumour 
torticollis may be due to difference in treatment management. Most of Conventry's 
cases had received physical therapy while Hulbert and Jones did not state clearly the 
type of treatment received by his cases. Moreover, as suggested by Conventry, some 
of the tumours may be neglected by the mother. 
3.6 Associated Deformity 
3.6.1 Craniofacial Asymmetry 
Apart from the mysterious SMT, torticollis was famous for the typical 
craniofacial asymmetry. As stated by Middleton (1930) "on the affected side the 
frontal eminence is flattened, while there is a well-marked bulged in the occipital 
region on that side. Conversely, on the opposite side the frontal eminence is unduly 
prominent, and the occipital region is, if anything, rather flat" (201). Middleton 
attributed the prominent mastoid process at the affected side was caused by the 
stronger pull exerted by the shortened SCM when comparing with the normal side. 
Jones (1986) had described the facial hemihypoplasia clearly: face of the 
affected side is wider and shorter; with smaller eye; nostril and mouth angle 
arranged in a converging pattern towards the ear of the affected side. 
Apart form the abnormal muscle pull, craniofacial asymmetry may be further 




al (1979) suggested that if the infant slept more in prone, the extent of facial 








This is considered to be a compensatory response to the 'scoliosis capitis' 
(Middleton 1930). Binder et al (1987) and Leung et al (1987) reported the presence 
of scoliosis in 6% of their patients. Binder et al considered these curves related 
clearly to the severity of the scoliosis. Minamitani et al (1990) reported that 16 of 
37 MT whom required surgical treatment had thoracic and thoracolumbar curves. 
Interestingly, they also found the curves of the boys were always milder than the 
girls, and the curve pattern of one girl changed postoperatively. Wirth et al (1992) 
reported the presence of 14 s-shaped cervicothoracic scoliosis and 3 c-shaped 
scoliosis in their 31 torticollis patients with radiographs available. 
3.6.3 Clavicular Exostosis 
This seems to occur in the more severe torticollis who has fibrotic 
involvement of the clavicular head of the SCM. Middleton (1930) found that such 
exostosis was never seen at the sternal attachment, where the fibrotic muscle fibres 
were separated from the bone by the normal tendon insertion. Middleton postulated 
that the new bone formation was resulted from minute recurring trauma inflicted 
upon the subperiosteal layers of the bone through the shortened muscle. 
3.6.4 Atrophy of the Trapezius 
Jones (1986) found that atrophy of the ipsilateral trapezius was a consistent 
clinical finding in established torticollis and was the result of disuse atrophy. 







Lawrence et al (1989) reported the coexistence of fibrosis of the entire SCM muscle 
.1 
and a fibrotic thickening of the lateral aspect of the trapezius muscle in a child 
suffering from severe torticollis. 
3.6.5 Functional Asymmetry 
Binder et al (1987) detected an interesting phenomenon in their series of 85 
congenital torticollis. They found 10 children had persistent evidence of functional 
asymmetry，probably due to the immobility of the cervical area that in tum led to 
stiffness in the trunk and asymmetrical motor development. Five children even were 
noted to resemble hemiplegia functionally, although the neurologic examination was 
entirely within normal limits. No correlation of this phenomenon and the severity of 
the torticollis was found. 
3.6.6 Amblyopia 
It is a popular believe that persistent head tilting in the early few years of life 
will lead to amblyopia. Indeed, relatively high incidence of amblyopia was associated 
with patients of Canale et al (1982) and Slate et al (1993), 14 % and 15% 
respectively. However, Slate et al considered this to be coincidental and torticollis 
itself did not result in amblyopia. Ferkel et al (1986) also failed to detect ocular 








3.7 Differential Diagnosis of IMT 
More than 40 causes of torticollis, both of congenital and acquired origin, 
have been reported (Bredenkamp 1990，McDaniel et al 1984)(Table 5). The causes 
include osseous abnormalities, ligamentous deficiencies, muscular problems, 
neurologic lesions, ocular diseases, vestibular disturbances, traumatic injuries, 
infections, inflammation, habitual adaptations and functional disorders (Bredenkamp 
1990，McDaniel et al 1984). 
Table 5: Differential Diagnosis of Torticollis 
Muscular Abnormalities 
Cl-C2 articular malformation: 
atlantoaxial dislocation, 
rotatory subluxation (Bredenkamp 1990, McDaniel et al 1984) 
Sternomastoid aplasia/hypoplasia (McDaniel et al 1984) 
Juvenile fibromatosis (McDaniel et al 1984) 
Klippel-Feil syndrome (Bredenkamp 1990，McDaniel et al 1984) 
Sprengel's deformity (Bredenkamp et al 1990) 
Congenital postural torticollis (Bredenkamp et al 1990) 
Hemivertebrae 
Infectious/Inflammatory Processes 
Lymphadenitis, lymphadenopathy (McDaniel et al 1984) 
Nodular fascitis (McDaniel et al 1984) 
Parasites—cysticercosis, trichiniasis (McDaniel et al 1984) 
Granulomatous colli (McDaniel et al 1984) 
Polymyositis (McDaniel et al 1984) 
Inflammatory pseudotumour (McDaniel et al 1984) 
Focal cicatrix (McDaniel et al 1984) 
'Nasopharyngeal' torticollis (Bredenkamp et al 1990) 
Congenital Lesions 
Congenital nystagmus (Bredenkamp et al 1990) 
Branchial cleft cyst/sinus (McDaniel et al 1984) 
Thyroglossal cyst (McDaniel et al 1984) 




i Neurologic Disorders 
j Central nervous system tumours/cysts (McDaniel et al 1984) 
； Syringomyelia (McDaniel et al 1984，Bredenkamp 1990) 
Myasthenia gravis (McDaniel et al 1984) 
Drug-induced (McDaniel et al 1984) 
Dystonia (Bredenkamp et al 1990) 
Herniated cervical disc (Bredenkamp et al 1990) 
Spastic torticollis (Bredenkamp et al 1990) 
Miscellaneous 
» 
Strabismus (Bredenkamp et al 1990’ McDaniel et al 1984) 
Benign fibroblastic proliferation (McDaniel et al 1984) 
Boeck's sarcoid (McDaniel et al 1984) 
Sandifer syndrome (Bredenkamp et al 1990，McDaniel et al 1984) 
Paroxysmal torticollis of infancy: 
episodic head tilt, vomiting, pallor, and dizziness (Bredenkamp et al 1990) 
Psychiatric (Bredenkamp et al 1990) 
Idiopathic/Functional (McDaniel et al 1984) 
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3.8 Diagnostic Methods 
With the advance in technology, new diagnostic tools were applied to 
.、！ 
I 
investigate this special category of disease. The use of these tools, including 
electromyography, fine needle aspiration biopsy, ultrasonography, computed 
•i 
i tomography and magnetic resonance imaging, were attempted for diagnostic as well 
as prognostic functions. 
! 
3.8.1 Electromyographic Study 
Baxter et al (1961) had conducted electromyographic studies for 19 infants 
with SMT and of age from birth to 6 months. Using the opposite SCM as control, 
they found there was mark reduction in electromyographic activity in 4 patients. This 
finding correlated well with that of the microscopy, showing extensive scarring and 
complete replacement with fibrous tissue. However, the correlation of microscopic 
findings and electromyography was less consistent for those with just mild to 
moderate change of electromyographic activities, plausibly this method was not 
sensitive enough to discern different degrees of partial involvement. 
Furthermore, as Baxter did not state the age of the children who received 
operation, uncertainty aroused whether spontaneous recovery described by many 
authors (Binder et al 1987, Cheng et al 1994, Conventry et al 1960，Hulbert 1950, 
Jones 1986) was allowed to take place. 
3.8.2 Fine-Needle Aspiration Biopsy 
Fine-needle aspiration biopsy was used extensively for evaluating head and 
neck mass. Gonzales et al (1989) had conducted this procedure on 3 infants with 
SMT and further confirmed the benign nature of this fibrous lesion. Although the 
diagnosis could usually be made on clinical grounds alone, they advocated the use 
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of fine-needle aspiration biopsy to differentiate neck masses found in infants with 
minimal head tilt or poorly localized neck mass. 
3.8.3 Sonograph of SMT 
Echographic appearance of SMT was well described by Chan et al (1992). 
36 children, aged from 1 to 24 months, with the diagnosis of SMT, were examined 
by ultrasound. The mass was found to be hyperechogenic and 89% of them were 
surrounded by a hypoechogenic rim muscle at the margin. 
Patchy echo-arrangement was commonly found in patients less than 1 month 
old, probably corresponded to the early oedematous stage with initial degeneration 
of muscle fibres. Homogeneous echo-arrangement was found in the older child, 
indicated further degeneration of the muscle. Hypoechogenic stripes were frequently 
found on longitudinal section of the homogeneous mass, possibly representing the 
remnant of muscle fibres. 
Area of involvement was more sensitively detected by ultrasound. The lower 
third of the SCM was most commonly involved, followed by simultaneous 
involvement of the sternal and clavicular heads. Longitudinally, majority had | 
involvement of the distal two third or even higher up. Calcific foci were detected in ‘ 
several patients. 
3.8.4 Computerized Tomographic Observation 
Computerized tomography of 3 infants with neck mass and torticollis showed 
abnormal enlargement of the inferior aspect of the left SCM. The area of 
enlargement was of the same computerized tomographic attenuation as normal 
muscle. No calcification or venous abnormality (Sty 1987). Sty considered that 












3.8.5 Magnetic Resonance hnaging 
.j 
10 patients suffering from IMT were investigated by David et al (1993) using 
magnetic resonance imaging. 9 of them were aged between 4 and 12 weeks, the 
other was 5 years old. 4 of them had palpable neck mass at the time of study. 
Results of magnetic resonance imaging of the 9 younger children indicated there was 
no discrete mass in the SCM. The muscle was enlarged, with an increased 
heterogeneous signal on both T1- and T2- weighted imagines. In the oldest patient, 
the magnetic resonance imaging produced signals consistent with atrophy and fibrosis 
of the entire affected muscle, without inflammation or oedema. 
3.8.6 Conclusion 
Apart from the fine-needle aspiration biopsy, the methods stated above give 
additional information of the disease without invasive procedures. However, to 
establish their function as diagnostic tools, correlation of the test results with clinical 
1 
features is essential. Furthermore, repeating the test periodically for longitudinal 丨 
follow-up and comparison with clinical outcome is a fundamental step to establish 
the prognostic purpose. 
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The controversies in treatment of IMT was no less than that in etiology. In 
time as early as 1685, a Dutch surgeon, Isacius Minnius, had described a tenotomy 
for torticollis. Previously, Girolama Fabrizio d'Aquqpendente (1537 - 1619) had 
devised an apparatus for correction of torticollis. From that time on, major interest 
was focused on the choice of surgery. By middle of this century, the natural history 
of the disease revealed that some of the infants with SMT did resolve spontaneously. 
Consequently, attention began to shift to the efficacy of conservative treatment and 
the criteria for surgical intervention. 
Currently, it is generally agreed to operate on those of age greater than one 
year, with a prominent tight muscle band and persistent tightness (Binder et al 1987， 
Bredenkamp et al 1990, Conventry et al 1960，Ferkel et al 1983, Gruhn et al 1951, 
Lee 1986, Morrison et al 1982) . However, no consensus has been made on the 
management of the earlier cases. 
Special attention should be drawn to the fact that inadequate documentation 
of the type of IMT and initial severity of the disease has rendered direct comparison 
on the effectiveness of the treatment methods a difficult task. 
f 
/ 
3.9.1 Conservative Treatment 
Mainstreams of conservative treatment recommended include pure 
observation, application of appliances, active programme, gentle manual stretching 
t 





3.9.1.1 Observation Alone 
Conventry et al (1959) had followed up 35 SMT for a year or more after 
birth. According to their experience, excellent results were obtained with and without 
physical therapy. Although percentage that required operation was lower with cases 
receiving physical therapy (11% and 25% respectively), the authors agreed that they 
had no clear-cut criteria for the selection of patients for surgical treatment. They 
recommended non-surgical treatment for patients less than one year old since the 
SMT might resolve spontaneously and torticollis deformity only developed 
occasionally. 
Of the 50 SMT treated by MacDonal (1969), most received no treatment 
except for simple instructions to the mother. A few were given stretching exercises, 
supervised by a physiotherapist. The average follow-up period for two-third of the 
patients was 6 years, and one-third was one year or less. Among them, the results 
of 9 were too recent to define, 22 were normal, 5 had minimal tightness or band, 7 
had minimal asymmetry of plagiocephaly and 7 turned to MT. 
Minamitani et al (1990) suggested the use of special corrective pillow until 
3 months' old, then observed the clinical course to age of 1.5 years without 
intervention. Then, a lower partial resection of the SCM was performed for those | 
( 
severely resisted cases. 
3.9.1.2 Manual Stretching 
Although manual stretching was a treatment of choice and had been practised 
for years, its effectiveness had not yet been proven. Gmhn et al (1951) believed that 
it was reasonable to recommend manual stretching despite the lack of proved benefits 
because it might help and almost certainly would do no harm. This was also agreed 
by Jones (1986), but with reservation if the parents were obsessional or overanxious, 






i Hulbert (1950) believed that most SMT and all postural torticollis could be 
j| 
successfully treated by early manipulation by the physiotherapist and the mother. 
I 
Among patients treated by manual stretching, tBe reported results varied 
widely with different authors. Table 6 summarized the reported results for IMT 
treated by manual stretching. 
Good results obtained ranged from 67% to 90%. Due to the mixed nature in 
types, insufficient documentation on initial severity, and diversity in grading scale 
of evaluation, it was inappropriate to make direct comparison on the results obtained 
by different authors and on the effects of additional methods used. 
Ling et al (1976) noticed that MT who were older than 6 months had poor 
response to conservative treatment, while Canale et al (1982) considered the age 
limit for good result was less than 1 year. 
I 
Canale et al (1982) considered other factors guiding to the success of 
conservative treatment include the extent of facial asymmetry and initial limitation 
of rotation. If facial asymmetry was present before treatment, it would persist in 
60% of patients with severe initial facial asymmetry, and in 35% of patients with 
lesser extent of asymmetry. Patients with less than 30° of limitation of rotation at the \ 
\ 
beginning of treatment were more likely to have a satisfactory neck range after non-
operative treatment than those with greater restriction. 
Both Binder et al (1987) and Cheng et al (1994) pointed out that 
sternomastoid tumour was more frequently found in patients with moderate and 
severe torticollis. However, they responded very well to conservative treatment. 
Binder thought it might be probably because the swelling led to earlier diagnosis and 
treatment. However, no correlation between the age at presentation and the final 
result was observed by Ferkel et al (1983) in their 14 MT cases. 
- - : 、 
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Cheng et al (1994) observed an upward trend of treatment duration with the 
severity of rotational deficit, but upon analysis, this upward trend seemed to account 
for part of the factors associated with treatment period required. Another observation 
noted by Cheng et al was that among the 624 IMT, no cases with initial deficit in 
passive neck rotation lesser than 15�had unresolved SCM tightness and required 
surgical treatment. 
In addition to manual stretching, adjunct treatment methods used included 
intermittent heat, massage (Morrison et al 1982), active stimulation, positioning 
programme (Binder et al 1987, Cheng et al 1994), and stockinette collar (Binder et 
i 
al 1984). However, despite the application of these adjunct treatment methods, the 
results of conservative treatment did not seem to differ from those without. 
Leung et al (1987) reported that 'clicking，the SMT during manual stretching 
occurred in 11 out of 67 SMT. This was actually rupture of the pathological muscle, 
( 
often followed by immediate improvement in the neck range. Some of these patients 
had subsequent bruising and upon a long term follow-up, 6 had lost the SCM 




3.9.1.3 Appliances or Orthosis 
Clarren et al (1979) described the use of individually fitted plastic helmets to 
remould the rhomboid-shaped heads of four infants. For the presence of persistent 
MT in two patients, rubber straps were added to the helmet to force the infant to 
sleep on the prominent side of the head. The shortened SCM was stretched to full 
length after two weeks' time and all craniofacial asymmetry improved after 
continuous application of helmet for two to three months. Although Clarren 
experienced no complications with the four patients, this method was poorly accepted 
by the parents. Only 4 out of 10 families had agreed to try and showed good 
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compliance. Moreover, it was difficult to evaluate the effectiveness of this method 
as both types of CMT and severity of the disease were not mentioned. 
Routine use of external appliance was also recommended by Binder et al 
(1987), Emery (1994) and Minamitani et al (1990). Binder et al applied a soft felt 
and stockinette collar, which was higher on the involved side, to IMT with constant 
tilting or if passive rotation was less than 45� . In severe cases, the collar could be 
strengthened with a plastic insert. This collar was put on when the child was in 
upright position and not without supervision (Binder et al 1987). Emery prescribed 
a tubular orthosis for torticollis who were 4.5 months old and had a head tilt of 6° 
i 
or greater. Minamitani used a special corrective pillow for all patients until 3 months i 




3.9.1.4 Manual Myotomy 
I 
Knapp (1969) advocated the use of strong stretch to the shortened SCM to its 
full range in 'early' cases of SMT. He had practised this approach on about a dozen 
• | i 
of patients, without specifying their age. He found the baby usually holding his ；, 
breath, turning blue and crying violently. Once after the strong manoeuvre, the j 
mother was instructed to do it daily for one more week, less forcefully, and then j 
I 
reexamined. In some of the cases, the stretch might need to be repeated. ''' 
Manual myotomy was also practised by Kasai (1978) on 107 patients in his 
series of 1500 MT. According to his experience, rate of success was the highest 
around 3 weeks after birth and was the most effective in those with a big tumour and 
mark limitation of the neck motion. After the procedure, full neck motion was 
frequently regained in one or two months' time. Again Kasai encountered no 
complications, except slight alternation of the contour of the neck. However, Hulbert 
(1950) stated that both Reiner (1980) and Brackett (1897) recorded sudden and 
dangerous collapse during this procedure (56). According to Hough (1934), this 





Table 6: Summary on the Treatment Results of IMT treated by 
Manual Stretching 
Authors No & Age at Treatment Average FU Results 
Type Diagnosis Period Period - ] 
Binder 277 IMT majority <12 m — 69% good *** 
et al < 6 m 31% poor 
(1987) 
Canale 31 IMT < 1 yr — 4 yr 61% good 
et al 16% fair 
(1982) 23% poor , 
Cheng 624 IMT < 1 yr < 6 m 4 yr 86% good **** 
et al l l % f a i r 
(1994) 
Emery 100 IMT 4 m 4.7 m — 99% good 
(1994) 1% poor 
Ferkel 14 MT 2 m — 6.5 yr 86% good ； 
et al 14% fair 
(1983) 0% poor 
Leung 67 SMT majority 4 m 6 yr 6 m 90% good 
et al < 2 m 10% poor 
(1987) 3% poor 
Ling 82 SMT majority 7 m > 6 m 77% good . 
(1976) < 2 m 1% fair ： 
22% poor !| 
i^ 
I 
12 MT majority — > 6 m 67% good ‘ 
< 2 m 33% poor 
Morrison 89 IMT majority — 3 yr 2 m 65% good ** 
(1982) < 1 yr 26% fair 
0% poor 
Zhou 605 SMT majority < 6 m > 6 m 88% good* 
et al 20% fair 
(1982) 1 % poor 
* additional use of massage 
** additional use of intermittent heat and massage 
*** additional use of active stimulation, positioning programme and some with stockinette collar and 
developmental exercise 




3.9.2 Surgical Intervention 
3.9.2.1 Indications 
The criteria for surgery was unclear. Kiesewetter et al (1953) and Armstrong 
et al (1965) recommended prophylactic resection of the SCM in infants with SMT. 
Chandler et al (1944) and Brown et al (1953) advocated early operation if there was 
progression in size of the tumour, shortness of the SCM and deterioration of 
deformity of the head and neck. Both Canale et al (1982) and Jones (1986) 
considered that surgery was required in the presence of well developed facial 
• 
asymmetry and significant limitation of motion in a child, regardless of age. 
However, none of the above authors had written down their objective guidelines for 
decision of surgery. 
Meanwhile, according to the experience of Conventry et al (1960), torticollis 
deformity only developed from the SMT occasionally, so operation could be 
performed at age after one year in the presence of persistent muscle fibrosis, 
craniofacial asymmetry and limitation in neck range. This opinion was widely 
supported and authors holding this view included Bredenkamp et al (1990), Binder ；, 
et al (1987), Ferkel et al (1983), Gruhn et al (1951), Lawerence et al (1989), Lee 




Another rare condition indicated for surgery was reported by Binder et al 
(1987). Early surgery was justified for 2 children with coexistence of congenital 
heart disease and severe torticollis because they could not tolerate an exercise 
programme. 
3.9.2.2 Operative Procedures 





i) Subcutaneous tenotomy (Hulbert 1950) 
ii) Open Upper tenotomy (Hulbert 1950) 
iii) Open Middle tenotomy (Jones 1986，Zhou et al 1982) 
iv) Open Lower Tenotomy (Bredenkamp et al 1990, Conventry et al 1960, Lee 
et al 1986, MacDonal 1969, Minamitani et al 1990, Morrison et al 1982, Tse 
et al 1987) 
V) Bipolar Tenotomy (Bredenkamp et al 1990, Ferkel et al 1983, Jahss 1936, 
Tse et al 1987) 
vi) Resection of the SMT or the SCM (Armstrong et al 1965, Brown et al 1950, 
Chandler et al 1944，Tse et al 1987) 
/ 
I 
) I 丨、 
3.9.2.3 Post-operative Management 
Post-operative exercise programme is commonly practised in general. 
Kiesewetter et al (1953) considered exercise programme under supervision of the 
.'i 
parents was adequate for good results, while Bredenkamp et al (1990) and Jones ! 
j ： 
(1986) preferred this to be guided by physiotherapist. 
ij 
)l 
Programme that combined exercise with bracing was most widely adapted, ;: 
although their benefits had not been conclusively demonstrated. Period of bracing 丨：丨 
i 
recommended ranged from 3 weeks to 6 months (Cheng et al 1993, Conventry et al ‘ 
1960，Gmhn et al 1951, Ippolito et al 1985, Kiesewetter et al 1953, Lawerence et 
al 1989, Lee et al 1986, Minamitani et al 1990，Wirth et al 1992). Only Itoi et al 
(1990) had mentioned the use of bracing for 12 weeks without simultaneous exercise 
programme employed. 
A multi-adjustable cervical orthosis for post-operative bracing was designed 
by Cheng et al (1993) to overcome the static nature of traditional orthosis, and 72% 
of their patients maintained good correction of craniofacial asymmetry and with an 
average follow-up period of 3.9 years. They also found that children having 






The advantages and disadvantages of bracing were depicted by Itoi et al 
(1990), "The brace immobilized the head in an overcorrected position. 
Immobilization is thought to give rest to the operated side, prevent reunion of cut 
tissue ends, and correct habitual head tilt. The potential disadvantages of 
immobilization include the inducement of scar formation by the application of 
continuous tension to the wound or the development of pressure sores or alopecia. 
Psychological stress to the child might also be a problem" (521). Another potential 
danger of bracing was excessive pressure exerted to the cervical plexus in the 
overcorrected position (Wirth et al 1992). 
• 
\ 
3.9.2.4 Factors Influencing Outcome 
Conventry et al (1960) had stated that factors causing recurrent deformity 
included “ 1. Incomplete correction of the contracted structures. 2. Inadequate 
postoperative immobilization in the position of overcorrection. 3. The tendency to 
resume the tilted position of the head because of habit. 4. Temporary interference 
with binocular vision after correction of the torticollis position because of adaptation 
. I i 
of the eyes to the tilted position of the head" (390). ；. 
1 
While the first two factors depended largely on the initial severity of the || 
! 
deformity, the type of surgery conducted and post-operative management, the last ‘ 
two factors had high correlation with age at operation. 
Optimal time of surgery varied with different authors. Many authors 
advocated operation after the age of one year to wait for possible recovery (Binder 
et al 1987, Bredenkamp et al 1990, Conventry et al 1960, Ferkel et al 1983, Gruhn 
et al 1951，Lee et al 1986, Morrison et al 1982, Tse et al 1987). However, both 
Kiesewetter et al (1953) and Armstrong et al (1965) believed that greater and quicker 
return of craniofacial asymmetry was achieved by early correction of the torticollis, 
probably at a few weeks after birth. This seemed to be reasonable as there was 
higher potential for growth of the skull and facial bones during infancy. Apart from 
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craniofacial asymmetry, Wirth et al (1992) also found scoliosis improved more 
rapidly in young children than in older patients. 
Disadvantages of early operation included more frequent wound breakdown, 
formation of haematoma, and superficial wound infection. These complications 
commonly resulted in tethering of the scar to the deeper structures in patients 
operated before the age of one (Ling 1976). As a result, Ling recommended that the 
ideal age for surgery for MT was between 1 and 4 years old. Similarly, with doubt 
on the cooperation of the very young patients with post-operative physiotherapy, 
Wirth et al (1992) suggested that operation should be best performed between the 
t 
ages of three and five years. i 
\ 
('• 
Morrison et al (1982) claimed that complete restitution of normal facies could 
be expected in the child operated under 6 years of age. Conventry et al (1960) 
suggested that if operation was delayed until 12 to 14 years of age, complete 
correction of the facial asymmetry might not be possible. Review of 67 MT by 
Ippolito et al (1985) indicated that up to the age of 11 years, it was still possible to 
obtain satisfactory results from surgical treatment. Itio et al (1990) found that among 
their series of 33 MT receiving operation, facial asymmetry remained in all patients : 
more than 11 years of age and in most patients with residual head tilt. They , 
therefore recommended that operation should be performed before 10 years of age. 丨 
In addition, Lee et al (1986) found that satisfactory result dropped drastically to one-
fifth if patients were operated between the ages of 13 and 16. However, Minamitani 
et al (1990) noticed that correction of facial asymmetry was demonstrated in all 
patients with age less than 15 years and only two patients of age greater than 20 
years did not. 
Nevertheless, Staheli (1971) reported that among the 14 MT with initial 
operation ranging from 3 months to 12 years, even total resection did not appear to 
reduce the likelihood of late residual facial asymmetry. Meanwhile, Ferkel et al 
(1983) noticed no correlation between age at surgery and resolution of facial 
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asymmetry in their series of 20 MT of an average age of four year at operation, 
regardless of the procedures done, 
Lee et al (1986) found that excellent result was found to relate to age at 
operation. Lawerence et al (1989) considered more severe deformities and delayed 
treatment were negative prognostic factors of operative result. 
3.9.2.6 Complications Of Surgery 
/ 
The most common early complications of surgery reported by Ling (1976) ！丨 
included wound breakdown, haematoma formation and superficial wound infection. | 
These complications occurred more frequently in patients operated on infancy. 2 
incidence of haematoma formation were also reported by Jones (1986) in his 97 
patients who had operation. 
The more common late complications included disfiguring scar, tethering of 
the scar, loss of the SCM contour and formation of lateral band. All of these would 
directly affect the cosmetic and functional results of surgery. 
•1 
Disfiguring scar was more frequently found in patients of Ling (1976), 12%, ；  
i 
and Tse et al (1987)，16%. Ling attributed this partly for not using subcuticular ‘ 
suture as a routine. Meanwhile, Tse et al related this to low shin incisions placed 
over the clavicle. The reported incidence of disfiguring scar, otherwise, ranged from 
2% to 9% only (Ferkel et al 1983, Jones 1986. Lee et al 1986，MacDonal 1969, 
Wirth et al 1992). In addition, Minamitani et al (1990) found only 1 case out of 37 
MT receiving operation could not hide the operative scarring under clothing. 
Ling noticed that tethering of the scar to the deeper structure was more 
common in patients operated before the age of one, probably because higher 
incidence of wound breakdown, haematoma formation and mild wound infection. 
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Jones (1986) also reported that among the 97 patients who had operation, 10 had 
adhesion to the fascia collis, 1 subsequently required reoperation. 
Loss of the stemomastoid muscle column was common because the sectioned 
muscle usually underwent atrophy. Thus, this complication was only spared from 
patients of Ferkel et al (1983) as they conducted z-plasty of the medial sternal head. 
The reported incidence varying from as high as 91% (Lee et al 1986) to about 40% 
(Jones 1986, Ling 1976, MacDonal 1969), even though they all practised unipolar 
middle of lower tenotomy. Both Ling (1976) and Lee (1986) stated that majority of 
their patients did not consider this to be a cosmetic handicap. 
/ 
I 
Formation of lateral band might accompany with limitation of mobility of the j 
(' 
1¾ 
neck. Staheli (1971) reported among the 14 MT reviewed, a tight, recurrent lateral 
band was a frequent finding. The resulting limitation of rotation of head to the 
opposite side indicated for a secondary release. Meanwhile, Ling (1976) considered 
that the reattachment of part of the clavicular head did not alter the cosmetic end 
result. Incidence of formation of lateral band was reported as 38% by Minamitani 1 
i； 
et al (1990), 43% by Jones (1986), 52% by Lee et al (1986) and Wirth et al (1992). 
j ! 
Other rare complication reported was one incidence of reverse torticollis ; 






3.10 Postural Torticollis 
Postural torticollis (POS) is a syndrome of congenital asymmetry that includes 
head tilt and craniofacial asymmetry. It was defined by Hulbert (1950) as torticollis 
with no tumour nor structural contracture. Jones (1986) also stressed that torticollis 
was never associated with muscular fibrosis. In general, POS usually has good 
passive range of motion of the neck (Cheng et al 1994). 
With the early onset of POS after birth, common association with anomalies 
like plagiocephaly, infantile scoliosis, moulding of the lobe of the ear and facial ^ 
paralysis, its etiology is probably due to intrauterine moulding (Hulbert 1950, Jones I 
1986, MacDonal 1969). I 
Hulbert (1965) reported that about two-thirds of congenital torticollis was 
POS. Meanwhile, 27.88% of Cheng et al's (1994) series of 624 IMT were found to 
be POS. Despite the fact that this category constituted such large proportion of IMT, 
I 
it was scarcely mentioned in literature. To date, no literature has described the | 
• r 
incidence, prevalence in sex and side of involvement of POS. ,| 
i 
The transient nature of POS was emphasized by Hulbert (1950, 1965) who ; 
I , I 
therefore disproved any operation for its relief. Jones (1986) expected the condition ;; 
to improve steadily within 6 months after birth, without mentioning any treatment 
arrangement. The POS in Cheng et al ’s (1994) series was mainly treated for head • 
t 
tilting, through strengthening of the antagonistic neck muscle. 
Jones (1986) stressed that POS should have no reduction in the range of 
movement of the neck, and this was also supported by the finding of Cheng et al 
(1994). Nevertheless, it is logical to expect some limitation in the neck range after 
a prolong period of reduced active movement into the end range. 
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CHAPTER 4 
A PILOT STUDY ON THE MEASUREMENT OF PASSIVE 
ROTATION OF THE NECK 
Apart from the confused description on the types of IMT reported in 
literature, insufficient documentation on the severity of IMT prior to treatment has 
rendered direct comparison on the effect of various treatment methods impossible. 
f 
I 
The severity of IMT is generally agreed to be defined by the degree of deficit ) 
I 
in range of motion of the neck, the extent of craniofacial asymmetry and head tilt 
•) 
(Binder et al 1987, Canale et al 1982, Cheng et al 1993, Cheng et al 1994, 
Conventry et al 1959, Emery 1994, Ferkel et al 1983, Ippolito et al 1985, Itoi et al 
1990, Lee et al 1986, Leung et al 1986，Ling 1976, MacDonal 1969, Minamitani et 
al 1990，Wirth et al 1992). Some authors hypothesized that the severity of the | 
disease was determined by the extent of fibrosis (Baxter et al 1961，Conventry et al 
；( 
1960, Reye 1951). However, due to the difficulty in detection of the extent of 
fibrosis clinically without invasive measures, no valid proof has been showed yet. 
i ','j 
The degree of craniofacial asymmetry and head tilt represent the cosmetic ； 
defect of the disease. To date, there is no simple and objective method to measure 
craniofacial asymmetry. In addition, craniofacial asymmetry of young infant is 
dependent on other factors like intrauterine position, mode of delivery and sleeping 
habit. Therefore, it may not be able to reflect the actual progress of the disease 
directly. 
Deficit in range of motion of the neck depicts the functional limitation. As 
a result of the immature head control in early infancy, measurement on the extent 
of head tilt and deficit in active range of motion of the neck may not indicate the 
actual influence of the disease. Of the two leaving choices, deficit in passive neck 
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rotation (PROT) and side flexion, clinical experience suggested that PROT was 
easier and more reliable to measure (Cheng et al 1994). Therefore, PROT was 
chosen to document the severity of IMT and it's change after treatment. 
4.1 Need of a New Design 
Although the American Academy of Orthopaedic Surgeons booklet (1965) 
suggested that where bony landmarks were not easily identifiable, estimating the 
angle was as good as using a goniometer. Dorinson et al (1948) recommended the ^ 
I 
examiner to record limitation of motion of the spinal column as fractions of normal. 
I 
However no evidence was offered to support these statements. Obviously, if PROT 
：) 




Among the literature that had described treatment on IMT, only a few had | 
mentioned pre- and post-treatment deficit in range of motion of the neck. Exact 
method of measurement was described in five of them (Cheng et al 1994, Emery 丨 
1994，Ippolito et al 1985, Leung et al 1987, Minamitani et al 1990). Details of their 




Active neck range was documented only by Ippolito (1985), the rest recorded 
passive range of the neck. Only Cheng et al (1994) and Emery (1994) practised their 
measurement on infants of age less than 2 years. The rest performed their 
measurement on children at the age of 6 years or more. Arthrodial Protractor or 
simple goniometer with or without modification was used for measurement. One 
feature noted in common for all these studies was that none had described the exact 
location for placement of goniometer. Therefore, these methods of measurement 
actually served to compare the range of the two sides of neck at one single 
measurement session and the reliability of repeating the measurement for comparison 




It was under this situation that this pilot study was conducted to establish a 
reliable method of measuring PROT of the neck of infant so that the initial severity 
of IMT, course of progression and the effectiveness of the treatment programme 
could be documented� 
4.2 Materials ^nd Method 
4.2.1 Subjects 
/ 
Twenty four infants suffering from IMT and of age ranging from birth to 1 | 
year were recruited. All of them were receiving physiotherapy treatment in the | 
Physiotherapy Department of the Prince of Wales Hospital during the study. Verbal 
consent to join this study was obtained from all the parents. 
Ideally, infants free of any neck problem should be recruited in this study, 
however, attempt to get consent from parents was failed. As a result, IMT patients 
were chosen for convenience sake and only the healthy side was measured. The j 
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4.2.2 The Instrument 
The accuracy of simple goniometer is very much dependent on the correct 
placement of the anatomical joint axis. As the head moves on a combination of axes 
in the cervical spine, Defibaugh (1964) recommended the use of pendular goniometer 
to eliminate the estimation of a particular joint axis in measuring the range of the 
neck. 
Ortho Ranger II (Figure 2) (Gerhardt et al 1989) was chosen to measure neck 




bow, is an electronic pendular goniometer operated on gravity. The tested accuracy 
of the instrument is plus or minus 1�(Khalil 1987, Placlotta 1987). 
The traditional pendular goniometer was preferable for a number of special 
features: the centre of the lower border of this rectangular box can be conveniently 
located by a line marked on the equipment; measurement can be shown by digital 
display; finger touch 'zero' control allows setting of zero reading at neutral position; 
and the 'hold' button can freeze the digital display of the measured angle for later 
recording. These features allow precise measurement in the shortest period. This is 
especially important when the manipulator is holding the neck of the infant at the 
^ 
extreme end range of neck rotation. | 
,,i I 
•\ 
4.2.3 Axis of measurement 
The axis of measurement was defined by the intersection of two threads over 
the vertex, one joined the interorbital line to the spinous process of the seventh 丨 
i ' 
cervical spine, the other thread (transverse thread) joined the posterior edge of the 
!l 
two ears (Figure 3). Due to the craniofacial asymmetry of IMT patients, the two | 




The neutral position for setting 'zero' reading was achieved by aligning the 
lower edge of the goniometer to the transverse thread with the subject lie in supine. 
The centre of the lower border was placed over the intersection (Figure 4). Absolute 
horizontal position of the transverse thread was determined by the lighting of the 
Automatic Light Indicator (an electrical sensor working as a fluid level). 
Exact location of this axis of measurement was determined by trial and error, 
basing on the repeatability of measurements within and between subjects. 
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4.2.4 Manipulator 
Manipulator was responsible to gently rotate the infant's head to available 
range achieved manually as far as possible until stopped by the resistance of soft 
tissues. The manipulator should be alert that the end range was reached when further 
passive movement was hindered by resistance of the soft tissues, not because of 
struggling of the infant. To date, due to the lack of a satisfactory way to quantify the 
passive force used by the manipulator, minimal force was used to reduce variation 
as a result of strong resistance of the infant (Pandya et al 1985). To ensure best 
execution of these requirements, an experienced physical therapist with previous ^ 
experience in measuring neck range of IMT was chosen as the manipulator (TC). | 





The tester was responsible for instructing the manipulator to hold the infant's j 
head in the neutral position at the beginning of measurement as described in section | 
4.2.3, and moving the electronic goniometer along the excursion of rotation range. : 
I 
Due to the possible fluctuation in digital display resulted from quick and jerky 
movement, the tester should control the goniometer in a slow and stable manner. 
4.2.6 Procedures of Measurement 
i) Infant was placed to lie supine with the head hanging over the edge of the 
plinth, supported by the manipulator. The shoulder girdle was stabilized 
,manually by parent, downward towards the plinth. 
ii) Three gentle warm up stretches were performed prior to measurement of each 
motion to take up slack of the soft tissues and to minimize variation as a 
result of the accumulative effect of passive stretching on the soft tissues. 
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iii) With the neutral position of measurement described as in section 4.2.5, the 
tester would set the digital display to 'zero', and then shielded the digital 
display. After that, the manipulator would gently bring the infant's head to 
the end range of rotation to the unaffected side until soft tissues resistance 
blocked further progress. 
iv) After reaching the available end range achieved manually, the manipulator 
would inform the tester, who would then freeze the reading by the 'hold' 
button. All readings were taken down by the tester without letting the 
manipulator know. , 
!l 
V) The head was returned to the neutral position again. The measurement would i： 
'I! 
be repeated for two more times, each started with realignment of neutral head ] 
‘1 








Observer bias was reduced by shielding the manipulator from the measured 
reading while at the mean time, end range was judged by the manipulator and was 
not influenced by the tester. 
,/ 
4.2.8 Intratester Trial 
Intratester intrasession variation was evaluated from the three measurements 
taken by the same tester (Tester A) on the same day. Intratester intersession variation 
was estimated from repeated measurements taken over three different days, each at 
about the same time of the day to minimize the potential daily fluctuation in range 
of the neck. The three measurement sessions were taken within two to three weeks 





4.2.9 Ritertester Trial 
Intertester variation was evaluated by two testers (Tester A and Tester B) who 
repeated the measurements at the same session. The order of measurement of the two 
testers was randomized so as to reduce the accumulative effect of passive stretching 
on the soft tissues. Measurement of the first tester was blinded from that of the 
second tester. All measurements of the same patient were completed within one hour 
or less. Intratester intrasession variation was also estimated from the three 
measurements taken by each tester. Another twelve subjects were measured. 
•<* 
S 
4.2.10 Data Analysis | 
V 
The randomized complete block model of analysis of variance (ANOVA) was 
performed separately to determine the intratester intrasession variation for both 
！ 
intratester and intertester trials (Daniel 1991). The intraclass correlation coefficient 
ij 
(ICC [Fleiss 1986]) (R value) was then calculated to estimate the reliability of | 
measurements within the same measurement session. | 
The randomized complete block model of ANOVA was also performed from 
the average of the three within session measurements of the intersession trial and the ：; 
intertester trial for determination of intersession variation and intertester variation 
respectively. The ICC of intratester intersession and intertester intrasession 
measurements were then computed to estimate the reliability of measurements over 
sessions and between testers. 
All statistical tests were two-tailed at the 0.05 level of significance. The 
SPSS/PC + statistical programme (Fmde 1987) was utilized for all analysis. 
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Figure 2: The Ortho Ranger II with the Automatic Light 
Indicator on top to indicate the horizontal position 
r " � “ : 。 . . 一 1 : ’ 『 1 ^ ¾ ^ = , ^ 7 � ^ ^ P 
r , p " " " ^ , . _ 
^ ^ ^ ^ ^ J L ^ 





.二： ？.. '•"•"• 1. 
60 
• .-> I 
Figure 3: Axis of measurement over the Vertex of the infant 
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I Figure 4: Placement of the Ortho Ranger II over the Axis of 
j Measurement 










The means, standard deviations, and ranges for all goniometric measurements 
obtained in the study of intratester variation and intertester variation were 
summarized in Table 8 and Table 9 respectively. 
4.3.1 Intratester Intrasession Variation and Reliability 
The results of analysis of variance test for intrasession measurement were 
ft 
summarised in Table 10. The intratester intrasession variation for both intratester 
trial and intertester trials were statistically not significantly different, with p-value 
I of 0.956 and 0.411 respectively. The corresponding ICC calculated were 0.711 and 
0.872. 
4.3.2 Intersession and Intertester Reliability 
Since the intratester intrasession variation was statistically not significant, and 
the correlation was found to be strong, the intrasession measurements were averaged 
for calculation of intersession and intertester reliability (Fleiss 1986). 
,i J 
• . : j 
The results of ANOVA test for the intratester intersession measurements were 
] summarized in Table 11. The variation resulted from different measurement sessions 
‘ was statistically not significant (p=0.576). The ICC of intratester intersession 
] measurements calculated was 0.786. 
. - ^ 
.-1 -i ] 
;| Table 12 summarized the results of ANOVA test for the intertester 
measurement. The variation produced by different testers was again statistically not 
significant (p=0.674). The ICC calculated was 0.910. 
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Table 7: Summary on the methods of measurement of the neck 
range used by other authors 
Authors No of Age ROM Equipment 
Case (year) 
I � 
Cheng et al 624 < 1 Rotation** Arthrodial protractor 
(1994) 
； Emery 100 < 2 Rotation** Standard goniometer 
(1994) Side flexion adapted with two 
carpenter's levels 
Ippolito 67 8-50 All* Common goniometer 
et al (1985) Metal cage 
！ 
Leung et al 67 6-7 Rotation^* Modified simple 
(1987) Side flexion goniometer 
Minamitani 19 > 7 Rotation** Common goniometer 
et al (1990) Side flexion 
* Active range of movement 
** Passive range of movement 
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j Table 8: Averaged Passive Rotation range of the neck measured 
by the Same Tester taken over three days 
Patient Sex Age Rotation Mean (SD) of Measurement in 
the Three Session [� ] 
First Second Third 
1 F 2m Left 110.3(1.7) 106.3(3.7) 117.7(0.7) 
2 M 4.5m Left 108.3(1.7) 111.3(4.3) 107.7(0.7) 
3 M 2.5m Right 94.0(3.0) 109.7(3.7) 106.7(1.3) 
4 M 8.5m Right 109.7(1.7) 111.3(2.7) 108.3(3.3) 
5 F 6m Right 108.0(4.0) 107.3(0.7) 100.3(1.3) 
6 M 3.5m Right 105.7(3.3) 109.3(2.7) 111.7(2.3) 
7 M 3m Left 113.0(1.0) 106.7(2.3) 107.3(3.3) 
8 M 5.5m Left 111.7(0.3) 103.7(3.7) 108.7(2.7) 
9 F 1.5m Right 104.0(4.0) 102.3(0.7) 104.0(3.0) 
10 F 3.5m Left 92.0(4.0) 90.0(4.0) 99.3(0.7) 
11 M 5.5m Right 110.3(1.7) 113.7(1.7) 115.0(3.0) 
12 F 4m Right 103.0(2.0) 106.0(3.0) 109.7(1.7) 
Overall Mean = 106.4 
Standard Deviation = 7.2 
Range = 80 to 120 
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Table 9: Averaged Passive Rotation range of the neck measured 
by the two Testers at the same sessions 
Patient Sex Age Rotation Mean (SD) of Measurement by 
the Two Tester P] 
Tester A Tester B 
13 M 4.5m Right 118.3(3.1) 115.0(0.8) 
14 F 3.5m Right 110.3(2.3) 116.0(2.4) 
i 15 M 5.5m Right 112.7(4.8) 111.0(4.4) 
1 . 16 M 3.5m Left 109.3(1.7) 113.0(3.9) 
17 F 2.5m Right 125.0(0.8) 121.0(1.6) 
18 F 6m Right 118.7(3.7) 118.7(2.1) 
19 M 5m Left 121.3(2.1) 121.0(2.9) 
20 F 6m Right 110.0(3.6) 112.3(2.1) 
21 M 2m Right 121.7(3.7) 120.3(1.9) 
22 F 8m Right 120.3(1.2) 117.7(1.7) 
23 F 5.5m Right 118.3(1.2) 122.0(2.2) 
24 M 2.5m Left 125.7(1.7) 128.3(0.9) 
Overall Mean = 117.9 
Standard Deviation 二 7.6 
Range 二 106 to 129 
I 
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Table 10: Analysis of Variance Table for the 
Intratester Intrasession Measurements 
Intratester Trial 
Source of S.S. D.E M.S. F Significance 
Variation of F 
1 
Patients 2754.917 11 250.447 8.259 0.000 
Measurement 2.722 2 1.361 0.045 0.956 
Error 2850.611 94 30.326 
Total 5608.250 107 52.414 
R=0.711 
Intertester Trial 
Source of S.S. D.E M.S. F Significance 
Variation of F 
Patients 1711.153 11 155.559 14.624 0.000 
Measurement 19.194 2 9.597 0.902 0.411 
Error 616.972 58 10.637 
Total 2347.319 71 33.061 
R=0.872 
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i Table 11: Analysis of Variance Table for the Intratester 
Intrasession Measurements 
i 
• i 1 } 
Source of S.S. D.F. M.S. F %iificance 
Variation of F 
i ‘ ‘ I ‘ —‘ 
Patients 797.316 11 72.483 4.662 0.001 
Day 17.609 2 8.804 0.566 0.576 
Error 342.078 22 15.549 
Total 1157.002 35 33.057 
R=0.786 
Table 12: Analysis of Variance Table for the Intertester 
Intrasession Measurements 
Source of S.S. D.E M.S. F Sfepificance 
Variation of F 
1 
Patients 575.395 11 52.309 10.590 0.000 
Tester 0.920 1 0.920 0.186 0.674 
Error 54.335 11 4.940 











i The non-significant F level of ANOVA tests in both intratester intrasession 
and intersession measurements show that the described measurement procedures are 
highly reliable and reproducible over time. The reliability of the measurement 
procedures is further confirmed by the high value of ICC of the intratester 
intrasession measurements (R=0.711 and 0.872), and the intratester intersession 
measurements (R=0.786). With the special precautions taken during measurement, 
this high reliability is protected from the influence of observer bias. 
A number of factors may contribute to the variation of intrasession 
measurement. Firstly, there is an inherent error of the Ortho Ranger II used, 
although it has been proved to be plus or minus 1�only. Secondly, error may be due 
to potential lack of precision in placement of the goniometer on the exact axis of 
measurement. Thirdly, error aroused when the pendular goniometer is not placed in 
an absolute vertical plane during measurement (Clapper et al 1988). Fourthly, 
imprecision may result from parallax produced in sighting and aligning the 
goniometer. Lastly, inaccuracy can be the result of variation in passive force exerted 
by the manipulator. 
< 
As the ICC of intratester intersession measurements is calculated from the 
average of intrasession measurements, direct comparison on the reliability of 
intrasession and intersession measurements is not appropriate. However, from the 
experience of many authors (Boone et al 1978, Ekstrand et al 1982, Hamilton et al 
1969, Hellebrandt et al 1949, Low 1976, Pandya et al 1985, Watkins et al 1991), 
reliability of intrasession measurements is consistently higher than that of intersession 
measurements. 
The more obvious variation associated with intersession measurements may 
be due to biological variation of joint ranges from day to day (Low 1976, Stratford 
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et al 1984). In addition, elastic thread is chosen in this study to locate the axis of 
measurement as it allows complete moulding to the head of infant. Nonetheless, the 
elasticity of the thread may lead to kinking of the thread by the hair of the infant, 
and therefore minor deviation in its route can happen when the measurement is 
repeated over different days. Meanwhile, inaccuracy in estimation of the bony 
landmarks also causes variation in location of the axis (Defibaugh 1964). 
4.4.2 Objectivity 
The objectivity of the described measurement procedures is supported by the , 
insignificant F-value of ANOVA test of the intertester measurements and the ‘ 
excellent value of ICC (R=0.910). This finding indicated that measurement taken 
by different testers will not affect the reliability of measurement. 
The higher value of ICC of the intertester intrasession measurements than the 
intratester intersession measurements indicates that greater variation is associated 
with the latter. Similar finding was observed by Defibaugh (1964)，probably also due 
to the same reasons as listed in the previous paragraph for the intratester intrasession 
i measurements. 
Again, as the ICC of intersession measurement is calculated from the average 
of intrasession measurements, the reliability of intrasession and intersession can not 
be compared straightly. Based on the work of many authors, it is a consistent finding 
to observe greater variation in intersession than intrasession measurements (Hamilton 
1969, Hellebrandt 1949, Low 1976, Pandya 1985). Factors causing such variation 
include individual variation in passive force exerted, parallax produced in sighting 
and aligning the goniometer. 
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4.5 Clinical Adaptations 
It is a well established clinical practice to compare the joint motion of an 
injured limb with that of the healthy limb. This practice had been proved to be a 
valid procedure (Boone et al 1979, Ekstrand et al 1982). In order to see if such 
comparison was also applicable to the rotation range of the neck, studies that 
measured neck motion were reviewed. A summary of the neck rotation range 
measured by this study and by different authors was given in Table 13. 
Among the studies listed (Buck et al 1959, Defibaugh 1964, Hupperich 1950, ^ 
Leighton 1955), this study is the only one that measured passive range, and has � 
j conducted on infants with age less than one year. These factors may explain why the 
greatest rotation range was measured in this study. : 
！ 1 
i i 
Although the range of rotation to the right is consistently greater than that to 
the left, the magnitude of 0 . 7 � t o 2 .2�was negligible in comparing with the entire 
： •丨 
range. This insignificant difference indicates that deficit in passive rotation neck || 
： II 
range of the afFected side can therefore be used to define the severity of IMT. It can | 
also be used to document the progress of IMT, and thus allows comparison of pre-
and post-treatment effect. 
In the following prospective studies, PROT is obtained from the differences 
between the average of the three measurements of each side of the neck. It should 
be noted that since two sets of measurements are required, the error of measurement 
may therefore be doubled. Nevertheless, the use of comparison between the two 
sides instead of absolute measurement has the advantage of cancelling out some of 
the intersession variations as a result of biological variation of joint ranges from day 
to day. Lastly, in order to reflect the possible accuracy level of the suggested 
measurement procedures, the PROT obtained is corrected to the nearest 5°. 
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Table 13: Comparison on the measured Rotation range of the 
neck by other authors 
Authors Sex Age No. Left Right Active/ 
(year) Passive 
Buck et al F 18-23 53 73 74 Active 
(1959) M 18-23 47 72 74 Active 
t» 
Defibaugh M 20-40 30 82.4 85.6 Active 
(1964) 
Hupperich F 6-18 300 — 165.85 — * Active 
et al (1950) 
Leighton M 16 40 — 157.25 — * Active | 
(1955) I 
I: 
Present Study Both < 1 24 110.1** 111.8** Passive 
(1993) 
* Sum of the left and right rotation range 




PHYSIOLOGICAL RATIONALE OF 
CONSERVATIVE TREATMENT 
Despite the fact that different methods of conservative treatment have been 
practised for tens of years, their possible physiological effects have seldom been 
mentioned. With the view to establish a logical and reasonable treatment protocol for 
IMT patients, the potential physiological impact of commonly employed treatment 
methods, namely comprising 'active programme' and manual stretching, would be 
reviewed in the following paragraphs. Active programme used here was a collective 
term of home treatment methods including: positioning programme; massage to the 
SCM; and active stimulation exercise. 
5.1 Positioning Programme 
Positioning programme is a home handling programme in which the infant 
is put to sleep or is carried so that the shortened SCM is positioned in a lengthened 
i 
posture for a prolong period. '' 
The typical head posture of IMT is head rotation away from the affected side 
and side flexion towards the affected side. Due to the lack of motion opposing this 
typical posture, the head is actually immobilized in a shortened position. The 
physiological effect of immobilizing skeletal muscle in various length has been 
studied intensely, and its possible impact on the pathological change of IMT was 
discussed in the coming pages. 
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5.1.1 tamobilization in a shortened position 
When skeletal muscle of mice of different age (Goldspink 1977a, Goldspink 
1977b，Williams et al 1971) and adult cat (Tabary et al 1972) were immobilized in 
a shortened position by plaster casts for two to six weeks, the number of sarcomere 
along muscle fibres reduced substantially. Removal of cast was followed by a rapid 
increase in the number of sarcomere in series, and complete retum to the normal 
level was achieved within 4 weeks' time (Williams et al 1971). 
Apart from decrease in number of sarcomere, muscle immobilized in 
shortened or neutral position underwent atrophic changes (Goldspink 1977a, 
Goldspink 1977b, Shear 1978)，and abnormality of sarcotubular morphology (Shear 
1978). Shear (1978) noticed a 25% to 70% decrease in mean myofibre cross-
sectional area with 1 and 27 days' immobilization respectively. Larger fibres showed 
atypical myofibril and sarcotubular complex organization whereas the smaller 
myofibres appeared normal. Freeing the muscles immobilized up to 18 days resulted 
in a nearly complete recovery in 3 days. However, myofibres immobilized for longer 
than 18 days remained 23 to 29 % smaller in cross-sectional area, although the ： 
j 
myofibrillar and sarcotubular morphology returned to normal. | 
Immobilization of muscle in neutral (Herbison et al 1978, Maier et al 1976) 
or shortened position (Tabary et al 1972) was accompanied with increased connective 
tissue in the muscle belly and decreased extensibility. This change in the elastic 
properties of the shortened muscle might be regarded as a protective adaptation 
(Tabrary et al 1972). 
5.1.2 Lnmobilization in Lengthened Position 
On the contrary, muscle immobilized in a lengthened position induced growth 
longitudinally by increasing the number of sarcomere in myofibres (Ashmore et al 
1991，DeVol et al 1991, Goldspink 1977b，Goldspink 1978, Frankeny et al 1983, 
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Holly et al 1980，Tabrary et al 1972, Williams et al 1971). In addition, growth in 
both mean muscle fibre cross-sectional area and whole muscle cross-sectional area 
was evident (Ashmore et al 1981，Barnett et al 1980，Brown et al 1987, DeVol et 
al 1991，Frankeny et al 1983, Holly et al 1980). 
Similarly, longitudinal myofibril growth took place in both denervated 
(Goldspink 1978, Williams et al 1976) and dystrophic muscle (Frankeny et al 1983, 
Williams et al 1976). Moreover, sustained stretch of duration greater than 6 hours 
per day retarded the progress of histopathology of the dystrophic muscle. 
i* 
Regression of hypertrophy after removal of the sustained stretch stimulus was 
observed by Williams et al (1971), Brown et al (1987) and DeVol et al (1991). 
DeVol et al (1991) found that when comparing with continuous stretch, sustained | 
stretch of 4 hours per day significantly inhibited the regression of hypertrophy. 
,( i 
The effect of duration of sustained stretch was studied by Frenkeny et al 
丨  
(1983) and DeVol et al (1991). Both detected that 24 hours continuous stretch per | 
day resulted in greatest amount of hypertrophy. However, DeVol et al (1991) 
discovered that intermittent stretch of just 4 hours per day could induce about 50% ‘ 
of the hypertrophy response of 24 hours stretch while significantly inhibited the 
regression of hypertrophy in comparison with the 24 hours stretch. With different 
durations of sustained stretch tested, Frankeny et al (1983) concluded that stretch of 
30 minutes per day led to dramatic hypertrophy and increase in percentage of alpha 
red fibres. The rate of hypertrophic change was less obvious with further increase 
in duration of stretch and the total daily duration of stretch appeared to be of more 
significance than daily frequency of stretch. 
Stretch-induced changes were specific to the age of animals. Brown et al 
(1987) found the 6-week-old chicks produced the fastest and largest amount of 
hypertrophy and demonstrated a rapid, complete regression. The 10-month-old 
animals responded slowly and to a lesser extent, also with some oedema as part of 
the initial response to sustained stretch. Contrastingly, the 28-month-old animals 
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responded with atrophy of the muscle, it is possible that the use of maximum stretch 
in this study resulted in muscle injury. 
5.1.3 Clinical hnplications 
The results of these studies conducted on chicken, cat and mice certainly can 
not be applied to human subjects directly. Nevertheless, the high adaptability of 
skeletal muscle should be recognized. Just as suggested by Tabary et al (1972) that 
striated muscle is able to adjust its number of sarcomere to give the optimal 
t 
functional muscle length. Based on the assumption that skeletal muscle of human also 
shares such high adaptability, prolong positioning with the diseased SCM in a 
lengthened position is actually the application of sustained stretch to the muscle. 
Such handling may help prevent further muscle shortening, induce longitudinal and 
circumferential growth of the normal muscle fibres remained in the muscle, and 
minimize the tendency of forming more connective tissue in the immobilized muscle. 
丨: 
!l 
Thirty minutes of sustained stretch per day had been proved by Frankeny et , 
al (1983) to induce drastic growth in young chick, and the longer the duration of | 
j 
sustained stretch, the greater is the amount of hypertrophy and longitudinal growth. 
If similar adaptations are applicable to human muscle, the suggested minimal 
duration of thirty minutes per day is well within practical limit. Force offered to the 
SCM is mild, therefore, will neither lead to tissue damage nor disturb the normal 
range of joint motion (Frankeny et al 1983). 
Intermittent nature of such positioning programme can reduce regression of 
stretch-induced hypertrophy. Such positional programme has the advantage that it is 
simple to conduct at home, discomfort experienced by infant is lesser than that 
induced by manual stretching, and no complication is expected. Based on these 
features, positioning programme was much emphasized in this study than in the 
traditional treatment approach. 
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Positioning programme also has limitations in treatment of IMT. For those 
very severe patients, the affected muscle may be so much contracted that available 
range is just about neutral head position. In such position of mechanical 
disadvantage, the caretakers may experience great difficulty in conducting the 
positioning exercise. Furthermore, the expected lengthening effect of positioning 
takes place in normal muscle fibres remained in the muscle belly. Thus, this method 
may not be appropriate to apply on late cases of IMT in whom the SCM has 
undergone complete fibrosis. Finally, it should be emphasized again that the possible 
effect of prolong stretch to pathological muscle fibres of IMT remains uncertain. 
5.2 Massage 
Zhou et al (1982) had described the application of circular thumb and finger 
kneading massage to the mass of 605 SMT. They believed that massage could soften 
the mass of SMT and was an effective means to SMT patients. Morrison et al (1982) 
advocated that massage might aid relaxation of the tight muscle. 
The possible physiological and therapeutic effects of massage stated in 
textbook (Drehebe et al 1991) are primarily speculative and has not been proved 
scientifically. Hovind et al (1974) believed that some of the beneficial effects of 
massage were due to a provoked increase in blood flow in the muscle. However, just 
as stated in the comprehensive review of Cafarelli et al (1992), from the limited 
studies investigating such factor, extreme variability of the data was demonstrated. 
Therefore, it was difficult to come to any definite conclusions about the effect of 
massage on peripheral blood flow. 
Nevertheless, Laughlin (1987) pointed out that mechanical pressure induced 
by massage did increase arteriolar pressure as well as empty the veins. Such negative 
pressure, even though small in magnitude, draws blood through the capillaries and 
the rate of flow could thus be increased transiently. Another unproved but possible 
beneficial effect of massage to IMT, as suggested by Wood et al (1981，as stated by 
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Drehebl et al [1991]), is the breaking of adhesions between the muscle and the 
surrounding connective tissues after prolong immobilization of the muscle. Such 
adhesion had been observed by Brown et al (1950) in IMT treated operatively. 
Massage was also adapted as a warm-up modality to increase intramuscular 
temperature so that the readily available elastic and viscoelastic deformation of soft • 
tissues was achieved prior to stretching (Krusen et al 1990, Scully et al 1989). 
5.3 Active Stimulation 
^ ^ " " • " * " " ^ ^ ^ ^ " ^ ^ ^ ^ " " • " • " " • " " " " " • " " " " " " " ^ ^ ^ ^ ^ ^ ^ ^ " ^ ^ ^ ^ ^ ^ ^ ^ " " ^ " ^ w 
The importance of active exercise to complement passive stretching was 
clearly stated by Rush (1977),"any increase in range obtained by forced motion will 
be lost unless maintained either by active motion or by supportive devices if the part 
is weak or paralysed. "(101). In addition, passive motion does not necessarily require 
participation of patient, and subsequently no motor learning is acquired by the infant 
to improve the capacity for active motion of the tight muscle or its opponent. Muscle || 
tightness is therefore likely to recur (Cherry 1980). ； 
Active stimulation exercise for IMT includes stimulation of active neck 
rotation towards the affected side in all postures, and lateral head-righting exercises 
to the opposite side in upright posture (Binder et al 1987, Cheng et al 1994, Emery 
1994, Fabian et al 1984, Shepherd 1974). Strengthening of the opposite neck muscles 
can help maintain the affected SCM in a lengthened position, reduce habitual head 
tilt towards the affected side, and promote midline orientation of the baby. Both 
Shepherd (1974) and Binder et al (1987) had emphasized the importance of midline 
orientation as an important step in infant development. 
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5.4 Manual Stretching 
Despite the commomiess in using manual stretching in treating the contracted 
SCM of IMT, little investigation has been done to understand the physiological effect 
of the relatively short-duration stretching on normal and pathological skeletal muscle. 
The two basic stretches: neck rotation towards the affected side, and side flexion 
towards the opposite side are general accepted. However, there is little agreement 
on the magnitude of force, frequency of stretching and duration of holding the stretch 
at end range of motion. This confusion was fully reflected in Table 14 that 
summarizes the treatment regimes used by different authors. 
5.4.1 Magnitude of Force of Stretching 
Although the magnitude of force of stretching was not clearly stated by most 
authors, gentle force was more likely to be employed. Use of gentle force can avoid 
immense discomfort of the infant, reduce possible damage of the affected SCM, and 
minimize traumatizing feeling of the parents who were the actual conductor of home 
stretching programme. Based on these reasons, gentle manual stretching was adapted 
in this study. 
5.4.2 Holding Duration of Stretch 
The most commonly recommended holding duration of stretching for IMT 
was 10 seconds. However, extreme variation like 1 second and 5 minutes have also 
been recommended by Fabian et al (1984) and Shepherd (1980) respectively. Only 
limited existing studies have investigated the optimal time of sustaining the stretch. 
Madding et al (1987) found that with one session of stretching, a stretch of 15 
seconds was as effective as a stretch of 120 seconds to improve flexibility. However, 
Bandy et al (1994) demonstrated that 15-second stretch was shown to be no more 
effective than no stretching. In spite of these contradicting findings, manual 
79 
+• i 
stretching of the commonly used duration is unlikely to lengthen the muscle directly 
unless the elastic limit of the individual muscle fibre is reached. Otherwise, 
according to Hook's Law, length gained within the elastic limit as a result of 
external force applied to the muscle will lose spontaneously when the force is 
removed (Krusen et al 1990). 
It was with such uncertainty on the optimal time of sustaining the stretch and 
possible mechanism for increasing flexibility, one second stretch at the maximum 
manually achieved available range was used in this study to minimize discomfort of 
the infant. It is hoped that by passively holding the head at this range, struggling of 
the infant in the form of isometric and isotonic contraction of the antagonistic neck 
muscles enhances strengthening and motor learning so that active motion of the 
infant in that available range may be learned. 
5.4.3 Drawbacks of Manual Stretching 
1 
i 
The most prominent drawback of manual stretching was the marked suffering | 
of the infant, a fact fully reflected by the infant's screaming and crying during |' 
manual stretching (Shepherd 1980). Another possible disadvantage was occurrence 
of clicking the mass of SMT and might subsequently lead to lost of the SCM contour 
(Leung et al 1987). 
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Table 14: Summary on Regimes of Manual Stretching used by 
different authors 
Authors Sessions Stretches Magnitude Holding Stretcher 
per Day per Session of Force Duration 
Brown* 3-4 parents 
(1962) 
Emery 2 5 gentle 10 sec parents 
(1994) 
Fabian 2 10 gentle 1 sec parents 
et al 
(1984) 
Licht* a few 10 gentle 5-10 sec parents 
(1965) 
Shepherd 2-3 gentle 5 min therapist 




Tachdjian 4-6 15-20 parents 
(1967)* 
Zhou et al 1 10 min gentle parents 
(1982) 
* as stated by Fibian et al (1984) 
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CHAPTER 6 
EXPERIMENT 1: A COMPARATrVE STUDY TO EVALUATE 
THE EFFECTIVENESS OF ACXrVE HOME TREATMENT 
PROGRAMME VERSUS MANUAL STRETCHING IN 
TREATMENT OF MODERATE IMT 
6.1 Background 
With the literature review done on IMT, it was observed that all studies 
except the one conducted by Emery (1994) were retrospective in nature. Apart from 
this,' the type of IMT and severity of the disease prior to treatment were not 
sufficiently stated in most of the literature. In addition, the treatment given was not 
standardized and patients of a wide range of age were recruited. As a result, none 
of the treatment methods recommended were proved to be superior to the other, and 
the indication of various treatment methods was not clearly defined. 
With the aim to establish a differential intervention programme for early IMT 
of different severity, two prospective studies were conducted on early IMT who were ! 
j 
less than 4 months old. The grading of all early IMT patients recruited in these two 
studies were based on the degree of PROT measured using the standardized 
procedures described in chapter 4, and were categorized as followed: 
i) Mild IMT: IMT patients with initial PROT less than 10° 
ii) Moderate IMT: IMT patients with initial PROT from 10 to 25� 
iii) Severe IMT: IMT patients with initial PROT greater than 25° 
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In our department, active home treatment programme: including positioning 
programme; active stimulation; and massage to the SCM, is routinely taught to all 
patients suffering from IMT. According to our past experience, mild IMT usually 
recover excellently with active home treatment programme alone. However, it is less 
certain whether moderate IMT can be effectively treated by active home programme 
alone, and if the additional use of manual stretching can shorten the treatment 
duration. It was with this background in mind that the two prospective studies were 
conducted. 
Experiment 1, a comparative study, was conducted to evaluate the 
effectiveness of active home treatment programme versus the additional use of 
manual stretching in treatment of moderate IMT who were less than 4 months old. 
A true control group with no treatment was not set up because it was ethically not 
acceptable to deprive the IMT patients from treatment. 
Meanwhile, severe IMT were not recruited to this comparative study because 
of the uncertain outcome if they were treated by active home programme alone. 
Furthermore, even if they were recruited in the comparative study, their drop out 
rate was expected to be very high. Therefore, concurrent to Experiment 1, severe 
IMT patients were recruited to Experiment 2 and treated by the same treatment 
protocol as that of the manual stretching moderate group in Experiemnt 1. The 
treatment results of these severe IMT were analyzed together with the manual-stretch 
moderate group to investigate the role of manual stretching in the treatment of 
moderate and severe IMT. Details of Experiment 2 were described in chapter 7. 
It should be emphasized that the delineation of moderate and severe IMT by 
\ PROT of 25° was based on the past experience of the Physiotherapy Department of 
the Prince of Wales Hospital, in relating to the mean treatment duration required by 
IMT of different severity (Cheng et al 1994). 
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6.2 Method and Materials 
6.2.1 Design of the Comparative Study and Patient Recruitment 
60 patients were recruited to this comparative study to evaluate the treatment 
effect of manual stretching to IMT of moderate severity. All of the 60 patients had 
the diagnosis of IMT, and were treated at the Physiotherapy Department of Prince 
of Wales Hospital between September 1992 to June 1994. Verbal consent was 
obtained from all the parents to allow their infants to participate in this study. 
^ 





i) The initial assessment and physical therapy programme were initiated prior \ 
to 4 months of age. Only early cases were recruited based on the author's 
•) 
past experience that beyond that age, the affected SCM of the patients might 
undergo total fibrotic change, and conservative treatment might not be 
effective for them. Moreover, more accurate and reliable information was j 
likely to be obtained from the caretakers. 
ii) Patients included should have an initial PROT towards the affected side 
between 10 to 25� . （ 
The reason of excluding patients with initial PROT greater than 25° or less 
than 10° had already been listed in section 6.1. Patients with neurogenic 
torticollis, ocular torticollis, congenital anomalies of the cervical spine, as well as 
those who had received physiotherapy treatment previously were excluded from this 
study. 
Patients satisfying the above criteria were assigned to the manual-stretch 





All initial assessment was performed by the author (TC) to minimize 
intertester variations. A standardized assessment form (Appendix 1) was completed 
at the initial assessment session to ensure inclusion of all essential data. 
Subjective examination taken included birth history, history of IMT and any 
other anomalies of the infant. 
Physical examination conducted included the side of involvement, and the 
presence of a palpable mass or tight band of the SCM. Types of IMT were classified 
according to the following findings: SMT if a palpable mass was detected at the 
substance of SCM; MT if a thickened or tight muscle band was found; and POS if 
muscle tightness was detected in the absence of both features listed above. In the 
presence of a palpable mass, the largest transverse diameter of the mass was 
estimated at 0.5 cm interval. The longitudinal distribution of the mass was graded 
as one-third, two-third and whole-length involvement. PROT towards the affected | 
side was measured by the standardized procedures as described in chapter 4. 丨 
i 
Estimation was made on the extent of craniofacial asymmetry, extent of head 
tilting, deficit in lateral flexion to the normal side, and the extent of deficit in active | 
neck rotation and side flexion. These were graded as nil, mild, moderate and severe. ' 
The presence of any associated anomalies, apart from the information 
provided by the caretakers, was objectively examined by the author, and confirmed 









6.2.3 Treatment Protocol 
i) Home Treatment Group 
This group was treated by the active home treatment programme described 
in chapter 5. This home programme: including positioning (Figure 5); active 
stimulation (Figure 6); and massage to the affected SCM, were conducted by the 
parents at home. 
The physiological rationale of this active home treatment programme had 
already been discussed in chapter 5. Due to the lack of information on optimal 
duration of positional stretch and massage of the pathological muscle, parents were 
suggested to conduct these exercises as long as possible. The minimal period of | 
positioning suggested to be at least 30 minutes per day, with the hope that the | 
dramatic change induced in the chicken muscle as proved by Frankeny et al (1984) 
might occur similarly. Minimal period of massage to the SCM was three times per 
day, each last for 5 minutes. This was set up to allow reasonable compliance. No 
I 
exact timing of active stimulation exercise was given as this required actual .| 





After the initial assessment, this active home treatment programme was 
instructed to the caretaker by the author, and conducted at home by the parents. 
Standardization of instruction was ensured by a brochure (Appendix 2) and a set of 
slides to illustrate the home programme. The correctness of performing these home 
exercises was all checked by the author. Caretakers were encouraged to ask 
clarifying questions and to re-attend the slide show in case of any query. 
All patients were re-examined at biweekly interval until full passive range of 
motion of the neck was attained and confirmed by the standardized procedures. 
Reassessment would then be repeated monthly by the author for another three 
months. If full passive neck range of motion was maintained in this period, the 
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follow-up would then be continued by the orthopaedic surgeon of the Torticollis 
Clinic of Prince of Wales Hospital. 
Treatment duration for the home treatment group was defined as the time 
between the initial assessment and achievement of full passive range of motion of the 
neck, including both rotation and lateral flexion. It should be noted that the SMT 
might not resolve by that time. 
ii) Manual-stretch Group 
Manual stretching was given to the manual-stretch group in addition to the 
； 
active home treatment programme as applied to the home treatment group. Manual | 
stretching (Figure 7) was given by the experienced physiotherapists of the i 
Physiotherapy Department of Prince of Wales Hospital. Standardization of manual 
stretching protocol was ensured by proper training sessions. Manual stretching was 
conducted three times per week. Each session was composed of three lots of 15 
manual stretches with break in between. This regime was summarized in Table 15. i 
Manual stretching was continued until full passive range of neck motion was 
obtained for one week, even in the presence of unsolved SMT or MT. This was 
judged by the therapist in charge of the patient, and confirmed by the author (TC) 
with the standardized measurement procedures. Manual stretching was terminated 
when no deficit in passive range of motion was detected by. 
Treatment duration was defined as the time between the initial assessment and 
the time that full passive rotation of the neck was gained for one week and confirmed 
by the measuring procedures. The one-week-time added to the manual-stretch group 
was to compensate for the possible time lapse as the home treatment group was 
reassessed at biweekly interval. • 
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I 
Caretaker was warned not to perform manual stretching at home because of 
potential danger of improper technique. This precaution was important to eliminate 
any variation in the manual stretching programme. 
Table 15: Regime of Manual Stretching applied to 
the Manual-stretch Group 
Session Stretches Magnitude Holding Stretcher 
per Week per Session of Force Duration 
(• — i 
. I 






6.2.4 CUnic FoUow-up 
All patients were arranged to follow up at the Torticollis Clinic when 
treatment started, then re-attended once every two months until full passive range of 
motion gained. The follow-up period might then be extended. 
Special arrangement was made so that caretakers of the home treatment group 
would not meet the caretakers of the manual-stretch group. Otherwise, they might 
compare the treatment regime with each other and affect the compliance to the 




Figure 5: Active Programme: Positioning of the affected SCM 
with the neck Side Flexed towards the opposite side when infant 
is carried in a horizontal position 
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Figure 6: Active Programme: Active Stimulation of neck 
“ Rotation towards the affected side in prone lying 
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Figure 7: Physiotherapist performing Manual Stretching on IMT 
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6.2.5 Data Analysis 
Chi-square or Fisher's Exact tests of the Epistat Statistical Package were used 
to detect differences in proportions between the manual-stretch and home treatment 
groups. The SPSS/PC+ statistical programme (Frude 1987) was used to calculate 
means, standard deviations, and ranges of baseline data and treatment results. Non-
parametric Mann-Whitney test was used to compare the means of baseline data and 
丨 treatment results of different groups of patients. All statistical tests were two-tailed 
j, 
1 at the 0.05 level of significance. Further, p-value was adjusted for multiple 
j, comparison using the Bonferroni's method. 
6.2.6 Limitations of Present Study 
\ Ideally, the author (TC) should not be involved in treating patients of the 
manual-stretch group so as to reduce expectation bias. However, due to the restrain 
in manpower in such busy department, this could not be avoided. In order to 
minimize observation bias, no review or analysis of outcome data was allowed 
except for preparation of a progress report in September 1993. 
Again, as a result of the restrain in manpower, measurements using the 
standardized procedures could not be arranged biweekly until the patients gained full 
passive neck rotation range. Instead, measurements were taken after gaining full 
passive range, or with no further improvement shown as estimated by the author for 
I the home treatment group, and by the therapists in-charge of treating the manual-
\ stretch groups. Observation bias was minimized in this situation by blinding the i 
I therapists from the outcome data of the home treatment group, while the author was 
1 
i blinded from the progress of the moderate patients treated by manual stretching until 
the end point when full range was achieved. 
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6.3 Results 
Of the 60 IMT patients recruited in the comparative study, 6 cases dropped 
I out and their reasons of dropping out was listed in Table 16. Subsequently, 27 cases 
were left in each of the manual-stretch and the home treatment group for data 
‘ analysis. 
j , 
Of the 9 MT and 7 POS recruited in the manual-stretch and home treatment 
I • 
\ groups, no obvious differences between these two categories were detected. 
Therefore, these two categories were combined as the non-SMT category, and 
analysis was conducted between this category and the SMT category. 
6.3.1 Comparison on Baseline Data of Manual-stretch and Home Treatment 
Groups 
• 
No obvious differences were detected between the baseline data of the 
manual-stretch and home treatment groups (Table 17). 
Male predominance was observed. The number was 16 (59%) and 20 (74%) 
! 
in the manual-stretch and home treatment groups respectively. No definite 
predominance in side of involvement was noted. 12 (44%) of the manual-stretch 
group and 18 (67%) of the home treatment group had left side involvement. 
SMT constituted majority of the patients, 17 (63%) and 20 (74%) for the 
manual-stretch and home treatment groups respectively. One of the non-SMT cases 
of the home treatment group had fracture clavicle over the side of head tilt after 
traumatic delivery. Protective muscle spasm of the SCM over the affected side and 
immobility as a result of pain might contribute to the reduction in the range of neck 
movement for this case. 
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The mean age at initial assessment was 1.7 months (SD = 1.1) for the manual-
stretch group and 1.5 months (SD = 1.1) for the home treatment group. The mean 
age at detection of initial clinical features was 0.8 months for both groups. 
Among the 37 SMT patients in both groups, the mass was noted in 28 (76%) 
as the first sign of clinical presentation, and the rest was noted by head tilting. 17 
(46%) patients had the mass first discovered by their mother, 4 (11%) by other 
relatives, 11 (30%) by doctors of the Maternity and Child Health Centre, and 5 
(13%) by physiotherapists or nurses. 
The pattern of longitudinal distribution of the mass for the SMT cases in the 
both groups was very similar. There was about equal proportion of one-third, two-
third and whole-length involvement in both groups. Such similarity in distribution 
was also noted in the largest transverse diameter of the mass. 
The mean initial PROT was 16�(SD=7) and 17�(SD=7) for the manual-
stretch and home treatment groups respectively. The estimated deficit in passive side 
flexion, deficit in active range, degree of craniofacial asymmetry and head tilt again 
were very similar in the two groups. 
No obvious difference in birth history was found between the two groups. 
Gestation of most patients (93%) was within normal range (38 to 42 weeks), and 
89% of the patients had normal birth weight (2.3-4.2 kg). The incidence of abnormal 
presentation was 5 (19%) and 4 (15%) for the manual-stretch and home treatment 
groups respectively. 11 (41%) of the manual-stretch group had assisted delivery 
j while 3 (11 %) required caesarean section. The corresponding incidence for the home 
treatment group was 18 (67%) and 3 (11%). Primigravida birth constituted about 
i } 
1 
I 70% in both groups. 
Other anomalies found in the manual-stretch group included three congenital 
dysplasia ofhip (CDH), one spinal bifida and one incidence ofbilateral clasp thumb. 
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Apart from the CDH found in the patient suffering from spinal bifida as a result of 
muscle imbalance, the other two CDH were found at the iplsilateral side of IMT. 
Other anomalies associated with the home treatment group included one 
structural and one postural talipes equinovarus deformity, two incidence of postural 
talipes calcaneovalgus deformity and one trigger finger. In addition, one Erb,s palsy 
and one fracture clavicle were detected after traumatic birth history. 
i ' 
6.3.2 Treatment Results 
6.3.2.1 Treatment Duration 
i) Comparison of Whole Group 
All of the 54 subjects had regained full passive rotation and side flexion range 
after treatment and results of treatment were summarized in Table 18. The mean 
treatment duration was 1.5 months (SD = 1.1) for the manual-stretch group, and 2.2 
months (SD = 1.3) for the home treatment group. Statistical comparison showed that 
the treatment duration of the manual-stretch group was not significantly shorter than 
that of the home treatment group ¢)=0.117). 
Deficit in active rotation and side flexion range, degree of craniofacial 
asymmetry and head tilt at termination of treatment were recorded in Table 18. 
Apart from the only patient of the home treatment group that had persistent severe 
craniofacial asymmetry, the recovery of all patients in these aspects was excellent. 
ii) SMT and Non-SMT Subcategories 
If each group was further broken down separately into SMT and non-SMT 
I • 
subcategories, it was found that the differences in treatment duration were again not 
significant (SMT; p=0.120, non-SMT; p=0.669). 
I 
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6.3.2.2 Trend of Recovery 
i) Whole Group Comparison 
The trend of recovery of the manual-stretch and home treatment group was 
shown in Figure 8. It was noted that the average rate of recovery of the manual-
stretch group was consistently quicker than that of the home treatment group. 
Greatest difference was detected in the initial 2 weeks of treatment. 
ii) Mtial PROT 
When the two groups of patients with the same initial PROT were compared, 
similar pattern of trend of recovery as the whole group comparison was observed for 
patients with initial PROT ranging from 10° to 25。，except with slight deviation in 
the course of recovery (Figure 9a to 9d). 
An interesting phenomenon was observed in two very young SMT patients 
who had treatment started at the age of 0.2 and 0.6 month. Both of these patients 
had 5° of initial PROT. One patient belonged to the manual-stretch group, and the 
other belonged to the home treatment group. Despite of implementation of treatment, 
PROT increased gradually until it reached the peak value of 20�a t about one month 
old. The trend then reversed and both patients regained full passive range of the neck 
by about 3.5 months old (Figure 9e). A similar pattern of expansion and shrinking 
in size of the mass was noted simultaneously. 
According to the above findings, the greatest PROT, and the largest 
longitudinal and transverse size of the mass were recorded for analysis so as to 
reflect the actual extent of pathological involvement. 
iii) SMT and Non-SMT Subcategories 
When SMT cases of the manual-stretch group were compared with that of the 
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home treatment group, the trend of recovery was very similar to that of the whole 
group (Figure 10). However, when non-SMT cases were compared, no obvious 
difference could be found in the first 2 months of treatment. The average rate of 
recovery of the control cases was then slowed down. 
iv) Age at Start of Treatment 
Based on the experience of many authors that treatment of IMT patients used 
to be started at about 2 months of age (Table 6), the trend of recovery was compared 
with the delineation of 2 months' age (Figure 11a and llb). The average rate of 
recovery in both manual-stretch and home treatment groups was found to be quicker 
for patients with age greater than 2 months. When patients of same age range were 
compared, the trend of improvement was once again similar to that of the whole 
group. 
Table 16: Information of the dropped out patients 
Group Type PROT SMT Size Reasons for Dropping Out 
of Transverse x 
j EMT Longitudinal 
Home Treatment SMT 10® 1.0 x 2/3 Consulted private physiotherapist 
Home Treatment SMT 20® 2.5 x whole Consultedprivatephysiotherapist 
Home Treatment SMT 20° 2.0 x 2/3 Defaulted follow-up 
Manual-stretch POS 10� —— Poor compliance to treatment 
because of frequent illness 
Manual-stretch SMT 10° 1.0x1/3 Consulted private physiotherapist 
Manual-stretch SMT 2 0 � 2.0 x 2/3 Left Hong Kong 
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Table 17: Baseline Data of the Manual-stretch and 
Home Treatment Groups 
Manual-stretch Home Treatment 
Group Group 
(n=27) (n=27) ‘ 二 
Type of IMT 
SMT 17 (64%) 20 (74%) 
MT 5 (18%) 4 (15%) 
POS 5 (18%) 3 (11%) 
Side of Involvement 
Left 12 (44%) 18 (67%) 
Right 15 (56%) 9 (33%) 
Gender 
Male 16 (59%) 20 (74%) 
Female 11 (41%) 7 (26%) 
Mean Age at Initial Assessment 1.7 1.5 
{month)(SD, range) (1.1, 0.2-3.9) (1.1, 0.2-3.5) 
Mean Age at Detection of Clinical 0.8 0.8 




i Mean Deficit in Passive Rotation 16 17 
'\ H ( S D , range) (7，10-25) (7, 10-25) 
： Deficit in Passive Side Flexion 
Mild 12 (44%) 12 (44%) 
Moderate 14 (52%) 14 (52%) 
i Severe 1 (4%) 1 (4%) 
i Deficit in Active Rotation 
； Mild 3 (11%) 3 (15%) 
I Moderate 21 (78%) 18 (66%) 
I Severe 3 (11%) 5 (19%) 
^ 
j Deficit in Active Side Flexion 
] Mild 2 (7%) 6 (22%) 
I Moderate 21 (78%) 16 (59%) 
I Severe 4 (15%) 5 (19%) 
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Craniofacial Asymmetry 
Nil 1 (4%) 0 (0%) 
Mild 15 (56%) 14 (52%) 
Moderate 9 (33%) 13 (48%) 
Severe 2 {1%) 12 (0%) 
Head Tilt 
Mild 1 (4%) 3 (11%) 
Moderate 20 (74%) 18 (67%) 
Severe 6 (22%) 6 (22%) 
Largest Transverse Diameter of SMT 
0.5-1.5 cm 8 (47%) 11 (55%) 
2.0-3.0 cm 9 (53%) 9 (45%) 
(n= 17) (n=20) 
Longitudinal Involvement of SMT 
One-third 5 (29%) 7 (35%) 
Two-third 7 (42%) 7 (35%) 




36-37 weeks 3 (11%) 1(4%) 
38-42 weeks 24 (89%) 26 (96%) 
Presentation 
Vertex 21 (77%) 23 (85%) 
Breech 4 (15%) 4 (15%) 
Other 1 (4%) 0 (0%) 
Unknown 1 (4%) 0 (0%) 
Delivery 
Normal spontaneous 13 (48%) 6 (22%) 
Assisted 11 (41%) 18 (67%) 
Caesarean section 3 (11%) 3 (11%) 
Birth Weight 
< 2 . 5 kg 3 (11%) 2 ( 7 % ) 
2.5-4.0 kg 24 (89%) 24 (89%) 
> 4 . 0 k g 0 (0%) 1(4%) 
Birth Order 
Primigravida 19 (70%) 18 (67%) 
Non-primigravida 8 (30%) 9 (33%) 
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Table 18: Comparison between the Treatment Results of the 
Manual-stretch and the Home Treatment Groups 
Manual-stretch Home Treatment 
Group Group 
(n=27) (n=27) 
Mean Treatment Duration {months}*^ 1.4 2.2 
(SD, range) (0.9, 0.3-4.1) (1.5, 0.3-5.7) 
Mean Treatment Duration for SMT*" 1.5 2.5 
{months} (SD, range) (1.0,0.3-4.1) (1.5, 0.3-5.7) 
Mean Treatment Duration for 批 1.2 1.4 
non-SMT {month} (SD, range) (0.7, 0.4-2.3) (1.0，0.7-3.8) 
‘ Deficit in Active Rotation 
Nil 12 (44%) 17 (63%) 
Mild 15 (56%) 10 (37%) 
Deficit in Active Side Flexion 
Nil 15 (56%) 14 (52%) 
Mild 12 (44%) 13 (48%) 
Craniofacial Asymmetry 
Nil 10 (37%) 5 (18%) 
Mild 14 (52%) 20 (74%) 
Moderate 1 (4%) 1 (4%) 
Severe 2 (7%) 1 (4%) 
Head Tilt 
Nil 13 (48%) 17 (63%) 
Mild 12 (44%) 10 (37%) 
Moderate 2 (8%) 0 (0%) 
* Mann-Whitney Test 
ap>0.05 
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Figure 8: Comparison on the Trend of Recovery between the 
Manual_stretch and Home Treatment Groups 
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Figure 9a: Comparison on the Trend of Recovery between 
the patients ofthe Manual-stretch and Home 
Treatment Groups with 25 degree Initial Deficit of 
Passive Rotation ofthe Neck 
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Figure 9b: Comparison on the Trend of Recovery between the 
patients of the Manual-stretch and Home Treatment 
Groups with 20 Degree Initial Deficit of Passive Rotation 
of the Neck 
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Figure 9c: Comparison on the Trend of Recovery between the 
patients of the Manual-stretch and Home Treatment 
Groups with 15 degree Initial Deficit of Passive Rotation 
of the Neck 
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Figure 9d: Comparison on the Trend of Recovery between the 
patients of the Manual-stretch and Home Treatment 
Groups with 10 degree Initial Deficit ofPassive Rotation 
of the Neck 
| | I h V •^^"^ ~^~»^  
0 ‘ r- 1 1——^^ a • fl u—~m m • n 
» 0.5 1 1_5 2 ZS 3 ^ 4 « 7 “ 7 • 
Treatment Duration (month) 
~ ~ 1 1 ~ Manual-stretch Groi^ {n=^) 
~ ~ • Home Treatment Gro^) (n=10) 
105 
Figure 9e: Comparison on the Course of Recovery between the two 
patients of the Manual-stretch and Home Treatment 
Groups with 5 degree Initial Deficit of Passive Rotation of 
the Neck 
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Figure lOa: Comparison on the Trend ofRecovery between the SMT 
Cases ofthe Manual-stretch and Home Treatment Groups 
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Figure lOb: Comparison on the Trend of Recovery between the 
Non-SMT Cases of the Manual-stretch and Home 
Treatment Groups 
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Figure lla: Comparison on the Trend ofRecovery between the patients 
ofthe Manual-stretch and Home Treatment Groups with 
treatment started at age greater than 2 months 
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Figure llb: Comparison on the Trend of Recovery between the 
patients of the Manual-stretch and Home Treatment 
Groups with treatment started at age less than or 
equal to 2 months 
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The demographic data and associated anomalies found in this series were 
consistent with the findings of most literature (Table 1 to 4), except for the 
observation of 7:5 left-to-right predominance. Similar left-to-right predominance was 
reported by Davids et al (1993). This deviation may be due to the different 
composition of types of IMT, and the younger age range of this series. 
j 
.j •‘ 
6.4.1 Treatment Duration 
I 
Complete gain of full passive neck range of the 27 cases of the home 
treatment group indicates that active home treatment programme alone is an effective 
s 
treatment for early IMT with age at start of treatment younger than 4 months, and 
initial PROT less than or equal to 25^ Nevertheless, due to the lack of a true control 
group receiving no treatment, the possibility of spontaneous recovery cannot be ruled 
out completely. 
• 
Additional use of manual stretching in the manual-stretch group reduced the 
mean treatment duration to 1.6 months, which is 0.8 month shorter than that of the 
home treatment group. This difference is not of statistical significance. 
6.4.2 Trend of Recovery 
The additional use of manual stretching in the manual-stretch group cannot 
j shorten treatment duration statistically. The trend of recovery observed in Figure 8, 
I 9 and 10 do however shows that manual stretching can increase the rate of recovery 
in the initial phase of treatment. 
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6.4.3 Progression in Size of Mass and PROT 
‘ A distinctive feature was observed in some newborn SMT cases recruited in 
this study. With an initial PROT OF 5。，PROT gradually increased to 2 0 � i n the 
following 2 to 4 weeks' time despite implementation of treatment (Figure 9e). The 
mass located initially at the central part of the lower end of the SCM also steadily 
expanded longitudinally upward, and transversely outward. Clinically, this 
progression period corresponded to the age of four to six weeks. After that, the mass 
would then gradually regress in a reverse pattern at varied rate. 
This progression and regression pattern of the mass and PROT was described 
by many authors (Armstrong et al 1965, Brown 1950, Chan et al 1992, Chandler et 
al 1944, Conventry et al 1959, Hulbert 1950, Jones 1986, Kisewetter et al 1955, 
Zhou et al 1982) but the underlying mechanism is still not well understood presently. 
Nevertheless, this unique feature found early SMT cases strongly suggested that 
SMT and non-SMT are probably of different etiologies. 
6.S Conclusion 
Active home treatment programme is an effective means of treating moderate 
IMT with initial deficit of passive neck rotation between 10 to 25°, provided that 
treatment is started prior to 4 months' age. With additional use of manual stretching 
to moderate IMT, the rate of recovery is quickened especially in the first 2 weeks 
of treatment. The mean treatment duration is also shortened but not to a statistically 
significant level. 
Accordingly, if caretakers are sensible and reliable to conduct home 
programme, active home treatment programme alone is preferred to the additional 
use of manual stretching to minimize discomfort of the infants. However, due to the 
progressive nature of SMT in the initial 2 to 6 weeks after birth, close monitoring 




EXPERIMENT 2: A PROSPECTIVE STUDY ON THE ROLE 
OF MANUAL STRETCHING IN TREATMENT OF 
MODERATE AND SEVERE IMT 
7.1 Background 
The background for conducting this prospective study concurrent to 
Experiment 1 had already been discussed in section 6.1. The aim of this study was 
to investigate the role of manual stretching in treatment of moderate and severe IMT, 
30 severe IMT. 
7.2 Method and Materials 
7.2.1. Design of the Study and Patient Recruitment 
30 severe EMT (severe group), defined as IMT with initial PROT greater 
than 25°, were assessed, treated, and followed up as the manual-stretch moderate 
group (moderate group) of Experiment 1. All severe patients were recruited by first 
come first serve principle. 
Patients with neurogenic torticollis, ocular torticollis, congenital anomalies 
of the cervical spine, as well as those who had received physiotherapy treatment 
previously were excluded from this study. 
Same definition of treatment duration as that of the manual-stretch moderate 
group was applied to the severe group. 
113 
-¾ 
Together with the 30 patients of moderate group who also received manual 
stretching, the response of these 30 severe IMT were analyzed to evaluate the 
determinants of treatment duration for IMT of different severity treated by manual 
stretching and active home treatment programme. 
7.2.2 Data Analysis 
Apart from the statistic tests used as mentioned in section 6.2.5, the 
Cumulative Logic model (using the Polychotomons Stepwise Logistic Regression 
Programme from the BMDP Dynamic Release+ [Agrest 1984]) was used to analyze 
the determinants of treatment duration. The level of significance for all statistical 
analyses was accepted at 0.05 (2-tail). Again, p-value was adjusted using the 
Bonferroni's method. 
7.2.3 Limitation of This Study 
It should also be noted that this prospective study shared similar limitations 
with Experiment 1 (stated in section 6.2.6). 
7.3 Results 
Of the 30 severe IMT with PROT greater than 25。，3 cases dropped out and 
were therefore excluded from the analysis (Table 19). There was one case of 
bilateral SMT. For this case, only the side with more severe PROT (35°) was 
recorded and analyzed because of the initial PROT was just very minimal in one 
I 
side. The baseline data of these 27 severe patients were listed together with that of 
the 54 moderate IMT recruited in Experiment 1 (Table 20) for comparison of 
baseline data. 
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Results of treatment for these 27 severe cases were compared with the 27 
cases of the moderate group who also received manual stretching. Apart from 
establishing the determinants of treatment duration for these 54 patients, analysis was 
also conducted on factors contributing to "clicking" of the mass, and success of 
manual stretching in treating IMT. 
7.3.1 Difference in Baseline Data between the Moderate EVIT and Severe Group 
The mean initial PROT of the severe group was 41° (SD = 11). The severe 
group was found to be more frequently associated with more severe deficit in passive 
side flexion and active range than the moderate IMT (Table 20). Apart from these, 
differences between the severe and moderate IMT were observed only on the 
distribution of type of IMT, size of SMT, mean age at initial assessment, and mean 
age at detection of clinical features. 
When compared to the mixed composition of IMT in the moderate IMT, all 
of the 27 cases of the severe group were SMT cases. Statistical comparison on 
proportion of SMT and non-SMT cases showed a significant difference between the 
moderate and severe IMT (p<0.001). The younger mean age of the severe group 
at detection of initial clinical features and start of treatment were not significantly 
different from that of the moderate IMT (p=0.264 and 0.174 respectively). 
96% of the severe patients had mass greater than 1.5 cm in the greatest 
transverse diameter while the corresponding incidence was 51% for the moderate 
IMT. This difference was shown to be statistically significant (p<0.001). 
Nevertheless, the higher proportion of whole length involvement of SMT in the 
severe group (63%) than the moderate IMT (30%) was statistically not significant 
(p=0.102). 
i Apart from the above aspects, the side of involvement, gender, extent of 
craniofacial asymmetry and birth history were very similar between the severe and 
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moderate IMT. Anomalies associated with the severe group included 4 incidence of 
CDH, and one fracture clavicle. The 4 CDH were over ipsilateral side of IMT. 
7.3.2 Results of Treatment� 
i) Comparison between Severe and Moderate Groups 
Of the 27 cases of severe patients, 25 obtained full passive range after 
treatment, and 2 patients subsequently required surgical intervention because the 
affected SCM became tendon-like, and restricted the neck motion. Details of the 
initial assessment of these 2 patients were listed in Table 19. With the exclusion of 
the treatment results of these two patients, the treatment results of the 25 severe 
cases were compared with that of the 27 patients of moderate group (Table 21). 
The mean treatment duration for the severe group was 2 • 5 months (SD = 1.3). 
This was found to be statistically significantly longer than that of the moderate group 
(p=0.006). This significance was not evidenced if only SMT cases of the two groups 
were compared (p=0.084). Comparison of the trend of recovery for the whole group 
and for SMT cases were shown in Figure 12 and 13 respectively. The mean 
treatment duration of the severe group was consistently longer than that of the 
moderate group. 
ii) Effect of Clicking 
Clicking occurred only in SMT cases treated with manual stretching. Of the 
42 SMT cases receiving manual stretching, 15 underwent 'clicking', The baseline 
information and results of treatment were shown in Table 22. 
More severe deficit in passive range was associated with the clicked group. 
1 
This difference of 9 � i n mean initial PROT was statistically not significant 
I • 
I (p=o.456). Besides, the greater percentage of severe deficit in side flexion found in 
i 






contrast to the greater severity associated with the clicked group, mean treatment 
duration was 0.9 months shorter. Although this difference was again statistically not 
significant (p = .180), it was shown clearly in Figure 14 that the occurrence of 
clicking could improve the rate of recovery. 
Mean age at initial assessment of the clicked and non-clicked groups were 0.6 
j months (SD=0.2) and 1.3 months (SD=0.7). This difference was statistically 
I significant (p=0.006). Both longitudinal and transverse size of the mass were very 
] 
similar between the two groups. 
• • 
7.3.3 Determinants of Treatment Duration 
'{ 
I Both Zhou et al (1982) and Cheng et al (1994) reported a mean treatment 
duration of 2 months or lesser for IMT. Examination of the treatment duration 
required by the 52 patients receiving manual stretching revealed that 28.8% was 
below or equal to 1 month, 27.0% between 1.1 to 2 months, and 44.2% spred out 
Ifrom 2.1 to 6.3 months. Therefore, these three levels of treatment duration were tested as the dependent variable by the Cumulative Logit model (Argest 1984). 
Based on the findings of other authors, initial PROT ( Binder et al 1987， 
Canale et al 1982, Cheng et al 1994, Emery 1994), and type of IMT were tested as 
independent variables in the statistical model. In addition, the occurrence of clicking 
was also tested for the contrasting observation of shorter treatment duration 
associated with greater initial PROT. 
Lastly, according to the summary of IMT treated by manual stretching listed 
in Table 6, most authors started treating their patients at or before 2 age of months 
(Binder et al 1987，Ferkel et al 1983，Leung et al 1984, Ling 1976). These findings 









Subsequently, this level for starting treatment of IMT was also tested as the 
independent variable. 
The distribution of number of patients in the three tested levels of treatment 
duration and the four tested determinants were listed in Table 23. The test result of 
the Cumulative Logit model was listed in Table 24. Only initial PROT and the 
occurrence of clicking were found to be significant determinants of treatment 
duration for IMT treated by manual stretching. 
Table 19: Information of the dropped out and 
operated patients of the Severe Group 
Group Type PROT SMT Size Reasons for Dropping Out 
of Transverse x 
JMT Longitudinal 
Severe SMT 30° 2.0 x 2/3 Defaulted follow-up 
Severe SMT 35^ 2 .0x2 /3 Transferred to other centre 
Severe SMT 50� 2.5 x whole Left Hong Kong 
Severe SMT 35° 2.5 x whole Operated at 5.6 months' 
age 
Severe SMT 45� 3.0 x whole Operated at 4.0 months' 
age 
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Table 20: Comparison on the Baseline Data of the 
Severe Group and the Moderate IMT of Experiment 1 
Moderate IMT Severe Group 
(N=54) (N=27) 
^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ~^^ ^^ ^^ ~~^ ^^ ~^ ^^ ^^ ^^ ^^ ^^ =^=^ ^^ =^=^ ^^ =^=^ ^^ ==^ ^^ =^ ^^ ^^ =^==^ ^^ ^^ =^====^ ^^ ^^ ^^ ==:^ =^ == 二 
Type of IMT**b 
SMT 37 (68%) 27 (100%) 
M T 10 (19%) 0 (0%) 
POS 7 (13%) 0 ( 0 % ) 
Side of Involvement * 
Left 30 (56%) 17 (63%) 
Right 24 (44%) 10 (37%) 
Gender 
Male 36 (67%) 17 (63%) 
Female 18 (33%) 10 (37%) 
Mean Age at Initial Assessment*^ 1.6 0.9 
{month)(SD, range) (1.1’ 0.2-3.9) (0.4，0.5-2.3) 
Mean Age at Detection of*' 0.8 0.5 
Clinical Features {month} (0.7, 0.1-2.5) (0.5，0.0-1.6) 
(SD, range) 
Mean Deficit in Passive Rotation { � } 17 41 
(SD, range) (7，10-25) (11, 30-70) 
Deficit in Passive Side Flexion 
Mild 24 (44%) 0 (0%) 
Moderate 28 (52%) 0 (0%) 
Severe 2 (4%) 27 (100%) 
Deficit in Active Rotation 
Mild 7 (13%) 0 (Q%) 
Moderate 39 (72%) 0 (0%) 
Severe 8 (15%) 27 (100%) 
Deficit in Active Side Flexion 
Mild 8 (15%) 0 ( 0 % ) 
Moderate 37 (68%) 1 (4%) 
Severe 9 (17%) 26 (96%) 
Craniofacial Asymmetry 
Nil 1 (2%) 0 (0%) 
Mild 29 (54%) 7 (26%) 
Moderate 22 (40%) 15 (56%) 
Severe 2 (4%) 5 (18%) 
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Head Tilt 
Mild 4 ( 8 % ) 0 ( 0 % ) 
Moderate 38 (70%) 7 (26%) 
Severe 12 (22%) 20 (74%) 
Largest Transverse Diameter of SMT**^ 
0-5-1.5 cm 19 (51%) 1 (4%) 
2.0-3.0 cm 18 (49%) 26 (96%) 
Longitudinal Involvement of SMT*^ 
One-third 12 (32%) 1 (4%) 
Two-third 14 (38%) 9 (33%) 




36-37 weeks 4 ( 7 % ) 1(4%) 
38-42 weeks 50 (93%) 26 (96%) 
Presentation 
Vertex 44 (81%) 19 (70%) 
Breech 8 (15%) 7 (26%) 
Other 1 (2%) 0 (0%) 
Unknown 1 (2%) 1 (4%) 
Delivery 
Normal spontaneous 19 (35%) 5 (19%) 
Assisted 29 (54%) 20 (74%) 
Caesarean section 6 (11%) 2 (7%) 
Birth Weight 
< 2 . 5 kg 5 (9%) 0 (0%) 
2.5-4.0 kg 48 (89%) 27 (100%) 
> 4 . 0 kg 1 (2%) 0 (0%) 
Birth Order 
Primigravida 37 (69%) 20 (74%) 
Non-primigravida 17 (31%) 7 (26%) 
* Mann-Whitney Test 
** Fisher's Exact Method 
a p > 0 . 0 5 
b p < 0 . 0 5 
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Table 21: Comparison between the Treatment Results of the 
Manual-stretch Moderate and the Severe Groups 
Moderate Group Severe Group 
(n=27) (n=25) 
Mean Treatment Duration {months}*^ 1.4 2.5 
(SD, range) (0.9, 0.3-4.1) (1.3, 0.6-6.5) 
Mean Treatment Duration for 料 1.5 2.5 
SMT only{months} (SD, range) (1.0, 0.3-4.1) (1.3, 0.6-6.5) 
(n=17) (n=25) 
Deficit in Active Rotation 
Nil 12 (44%) 13 (52%) 
Mild 15 (56%) 12 (48%) 
Deficit in Active Side Flexion 
Nil 15 (56%) 13 (52%) 
Mild 12 (44%) 12 (48%) 
Craniofacial Asymmetry 
Nil 10 (37%) 6 (24%) 
Mild 14 (52%) 15 (60%) 
Moderate 1 (4%) 4 (16%) 
Severe 2 (7%) 0 (0%) 
Head Tilt 
Nil 13 (48%) 14 (52%) 
Mild 12 (44%) 8 (32%) 
Moderate 2 (8%) 3 (12%) 
* Mann-Whitney Test 
a p > 0.05 
b p < 0.05 
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Table 22: Comparison Between the Clicked and the Non-clicked 
Cases 
Clicked N o n - c 1 i c k e d 
(n=15) (n=27) 
Mean Age at Initial Assessment {month}*^ 0.6 1.3 
(SD, range) (0.2，0.3-1.1) (0.7, 0.5-3.4) 
Mean Deficit in Passive Rotation {�}*& 37 28 
(SD, range) (16，10-75) (15，10-70) 
Deficit in Passive Side Flexion 料 
Mild 0 (0%) 6 (22%) 
Moderate 3 (20%) 8 (30%) 
Severe 12 (80%) 13 (48%) 
Mean Treatment Duration {month)*a 1.5 2.4 
(SD, range) (0.7, 5-2.8) (1.5, 0.3-6.3) 
Largest Transverse Diameter of SMT 
0.5-1.5 cm 2 (13%) 7 (26%) 
2.0-3.0 cm 13 (87%) 20 (74%) 
Longitudinal Involvement of SMT 
One-third 2 (13%) 4 (15%) 
Two-third 5 (34%) 10 (37%) 
Whole-length 8 (53 %) 13 (48 %) 





Table 23: Distribution of the number of patients in the tested 
levels of Treatment Duration and the four tested Determinants 
Determinants Number of Patients 
Treatment Duration 
< / = 1 month 15 
> 1 - < / = 2 months 14 
> 2 months 23 
Age at Start of Treatment 
< ! = 2 months 42 
> 2 months 10 





>10 - 2 0 � 9 
>20 - 30® 16 
>30 - 40° 6 
>40 - 50° 8 
>50^ 3 




Table 24: Test Results of the Cumulative Logit Model for 
Determinants of the three levels of Treatment Duration 
Determinants Odds Ratio Standard (95% Confidence Level) 
Error 
Clicking 
Yes 1 ~ - -
No 6.50 0.734 (1.5 28.0) 
Every 5° Increase 
in Initial PROT 
Baseline 1 ~ ~ -
Higher 0.65 0.13 (0.50 0.84) 
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Figure 12: Comparison on the Trend of Recovery between the 
Moderate and Severe Groups 
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Figure 13: Comparison on the Trend of Recovery for SMT Cases of 
the Moderate and Severe Groups 
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Figure 14: Comparison on the Trend of Recovery between Clicked 
and Non-clicked SMT Cases 
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7.4 Discussion 
7.4.1 Treatment Duration 
Of the 52 patients successfully treated by manual stretching, the mean 
treatment duration of the severe group was greater than that of the moderate group. 
All patients with PROT greater than 25�belonged to SMT cases. This finding 
supported the suggestion of Binder et al (1987) and Cheng et al (1994) that the 
incidence of SMT was found to increase with the severity of neck-motion deficit. 
Although Emery (1994) reported that the SMT in her series were treated for longer 
duration on average than the non-SMT, Cheng et al had proved that the presence of 
mass alone was a confounder to treatment duration because of its frequent association 
with greater with deficit in neck motion. 
7.4.2 Effects of Clicking 
According to the author's own experience, clicking the mass is a common 
occurrence in SMT cases treated by manual stretching though it has been 
infrequently described in literature. Of the 15 SMT who had the mass clicked during 
manual stretching, 4 patients had bruising over the site of the mass, and the mass 
actually shifted in site in 10 cases. Sudden increase in range of neck motion was 
evidenced in 10 patients after clicking. This phenomenon might explain why the 
more severe, clicked patients recovered in a quicker rate than the less severe, non-
clicked patients (Figure 14). 
Furthermore, the observed subsequent increase in range of motion, bruising 
and shifting the location of the mass strongly suggest that the diseased SCM is 
actually stretched beyond the elastic limit and is tom partially or completely apart 
at a weak point of the muscle. 
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Kaisa (1978) routinely practised manual myotomy, a more vigorous form of 
clicking, in all patients with SMT. According to his experience, clicking occurred 
more commonly in patients with big mass, and severe limitation in neck motion. The 
age for peak success rate was around 3 weeks and it was difficult to perform manual 
myotomy for age beyond one month. The occurrence of clicking in younger SMT 
was well demonstrated in this study. The more severe initial PROT and shorter 
average treatment duration associated with the clicked patients were not significantly 
different from that of the non-clicked patients. Nonetheless, the contrasting finding 
of shorter treatment duration with more severe initial PROT as shown in Figure 12 
implied that clicking resulted in shorter treatment duration. 
Only Leung et al (1987) had reported the long term impact of clicking. 
Among the 11 SMT being clicked in his series of 67 cases, 6 had lost the SCM 
contour. They therefore considered clicking as a complication of manual stretching. 
Hulbert (1950) also criticized manual myotomy, the more vigorous form of clicking, 
to be dangerous and had resulted in collapse of the infant. It was with these potential 
drawbacks in mind that clicking was not encouraged in treating IMT, even though 
it might shorten the treatment duration. Nonetheless, clicking did happen sometimes 
despite great caution put in using only gentle force for stretching. 
7.4.3 Determinants of Treatment Duration 
Only initial PROT and the occurrence of clicking are significant determinants 
of treatment duration for IMT treated by manual stretching. The odds ratio of 6.5 
for incidence of clicking implies that treatment duration is 6.5 times longer without 
clicking as compared with the occurrence of clicking. The odds ratio of 0.65 
suggests that mean treatment duration is negatively associated with increase in initial 
PROT, and there was an addition of 0.65 times in treatment duration for every 5 � 
increase in initial PROT. 
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Many authors linked the response of IMT to conservative treatment with the 
age at start of treatment (Binder et al 1987, Canale et al 1982, Ling et al 1976，Zhou 
et al 1982) and type of IMT (Binder et al 1987, Emery et al 1994). However, my 
data suggests that if treatment are started before 4 month's age, the age at start of 
treatment, and the presence of mass are not significant predictors of treatment 
duration for moderate and severe IMT. 
In clinical situation, infants with a palpable mass and more severe deficit in 
neck range are easier to be detected and therefore are treated at an earlier age 
(Binder et al 1987, Emery 1994). As initial PROT had been proved to be significant 
determinants of treatment duration, these two factors may just be confounders to 
treatment duration. 
7.4.4 Determinants for Surgery 
Factors which were suggested to determine the need of surgical intervention 
of IMT include age at start of treatment (Binder et al 1987, Canale et al 1982, Ling 
et al 1976), severity of defidt in neck range (Binder et al 1987, Canale et al 1982， 
Cheng et al 1994)，and presence of severe facial asymmetry (Canale et al 1982). 
Since the two severe SMT requiring surgery had their treatment started 
relative early at 1.1 and 2.3 months of age, early intervention may not be the only 
determinant. Meanwhile, although the severity in size of mass, deficit in active and 
passive range of motion, as well as the extent of craniofacial asymmetry and head 
tilt were rather severe for the two patients, no specific factors can be differentiated 
from other SMT of similar severity but recovered completely. Possibly, other 
components other than the parameters assessed currently may contribute to the varied 
fate of the SMT cases. 
One of the possible factor worth for further consideration is the extent of 
generalized fibrosis (Baxter et al 1961，Cheng et al 1994, Conventry et al 1960). For 
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better understanding of this factor, clinical examination by palpation is not sensitive 
enough and use of diagnostic tools like ultrasonography and magnetic resonance 
imaging in the future may help answering this question. 
7.3.5 Role of Manual Stretching in Treating Severe lMT 
Typically, severe patients have very little active rotation to the affected side 
and side flexion to the opposite side. Due to the discomfort in lengthening the 
pathological SCM, patients tend to maintain the characteristic head posture, and 
resist strongly to any attempt to change it. Subsequently, moulding results in 
craniofacial asymmetry and further immobility follows. Under such circumstances, 
parents may have great difficulty in conducting positioning programme effectively. 
Therefore, there may be greater need of using manual stretching in treating the more 
severe patients so as to break the viscous cycle of immobility and to facilitate active 
home exercise programme. The delineation of severe patients in this study as IMT 
with initial PROT greater than 25° is rather subjective but may serve as a baseline 
for further investigation. 
7.5 Conclusion 
When moderate and severe IMT, who are less than 4 months old, are treated 
by manual stretching and active programme, treatment duration required lengthens 
with increase in severity of deficit in passive neck rotation while clicking the mass 
of SMT shortens treatment duration. 
The odds ratio formulated by the Cumulative Logit model shows that 
treatment duration is 6.5 times longer without the occurrence of clicking the mass. 
For every 5° increase in PROT, there is an addition of 0.65 times of treatment 
duration. For these early IMT of moderate and severe severity, age at start of 
treatment and presence of SMT are not significant predictors for treatment duration. 
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Severity of IMT measured in terms of PROT and size of the mass can only 
account partly for the factors associated with the need of surgical intervention. 
Probably the present assessment is not sensitive enough to predict the varied fate of 




8.1 Results of Medium Term Follow-up 
Ofthe 81 IMT patients treated, 15 cases defaulted follow-up after termination 
of treatment. With the exclusion of these 15 patients and the 2 severe patients 
requiring surgical intervention, 64 patients were followed up beyond age of one year. 
21 of them belonged to the manual-stretch moderate group, 20 belonged to the home 
treatment group, and 23 belonged to the severe group. The average age at the latest 
follow-up at the Torticollis Clinic of Prince of Wales Hospital was 20.2 months 
. (SD = 5.9, range = 12.0-33.0). 
Ideally, the passive range of the neck of all patients should be evaluated using 
the standard measurement procedures at the most updated follow-up session. 
However, clinical experience showed that patients beyond the age of one year 
resisted manoeuvre of measurement so strongly that reliable measurement could 
hardly be obtained. As a result, doctors in-charge of the Torticollis Clinic of the 
Prince of Wales Hospital conducted the follow-up examination and participated as 
independent examiners with the patients' treatment arrangement blinded from them. 
It is hoped that reassessment using the standard procedures can be conducted in the 
future follow-up when the patients grow older and will then be more cooperative 
during manoeuvre. 
According to the findings of the doctors, all of the 64 patients had full 
passive range of the neck. 5 had mild craniofacial asymmetry, 4 had mild head tilt, 
and 4 had mild craniofacial asymmetry as well as mild head tilt. All parents were 
satisfied with the result subjectively. 
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One of the SMT cases belonging to the manual-stretch moderate group had 
relapsed torticollis and subsequently received surgical release at 8 months' age. 
Another SMT case of the manual-stretch moderate group insisted on consulting 
private physiotherapy for manual stretching after termination of treatment despite no 
sign of deficit in range of neck motion was evidenced. 
Among the 15 defaulted cases, parents of 8 patients were successfully 
contacted by phone. All of them claimed that their children had full motion of the 
neck and no obvious head tilt nor craniofacial asymmetry were noted. 
8.2 Overall Results 
The mean treatment duration of the 27 IMT received only active home 
treatment programme was 2.2 months (SD = 1.5, range=0.3-5.7). The overall mean 
treatment duration for the 52 cases treated successfully by manual-stretching and 
active home treatment programme was 1.9 months (SD = 1.2, range=0.3-6.5). 
Apparently, the mean treatment durations of this series were much shorter than that 
of the series as listed in Table 6 (ranging from 4 months to about 12 months). 
The excellent rate of satisfactory initial recovery (98%), and upon follow-up 
to age greater than one year (95%) of this research is the highest among all the 
reviewed literature, except for Emery's series (1994). However, it should be noted 
that SMT constituted only 25% of Emery，series, a much smaller proportion 
comparing with the 79% found in this study. 
Several factors may explain this difference in treatment duration. Firstly, this 
study is the only study that put such strong emphasis on the practice of active home 
treatment programme in the treatment regime. Secondly, all manual stretching was 
conducted by physiotherapists who were expected to be able to perform more 
effective manual stretching than the parents, as practised in other studies (Emery 
1994, Fabian et al 1984, Shepherd 1980, Zhou et al 1982). Thirdly, only early IMT 
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were recruited in this study, and the mean age at start of treatment for the overall 
group was just 1.4 months (SD = 1.0, range=0.2-3.9). Lastly, such difference may 
be a result of differences in the type of IMT, and in initial severity of the patients. 
8.3 Strengths and Limitations of the Studies 
To date, this is the only prospective study with comparative group to examine 
the effectiveness of manual stretching in treatment of IMT. As this comparative 
study confined solely to IMT who had treatment started at age less than 4 months 
and had initial PROT between 10 to 25°, the result should not be generalized to the 
older and more severe patients. 
The high reliability of measurement adapted allowed accurate comparison on 
pre- and post-treatment condition. The excellent compliance rate of the cohort of 
Experiment 1, 88.9% (54 out of 60), assured minimal information bias. 
Nevertheless, it should be noted that due to the lack of a true control group with no 
treatment, spontaneous recovery of IMT cannot be ruled out completely. Finally, a 
longer period of longitudinal follow-up on all subjects is necessary to confirm the 
influence of the disease to the growing infants. 
8.4 Conclusion 
i) An objective and reliable method of measurement for deficit of passive neck 
rotation range of IMT was established. With this qualitative measurement, the 
severity of IMT can be graded, and thus the response of IMT to treatment 
can be evaluated. 
ii) Based on the tow prospective studies, differential intervention programme for 
early IMT of different severity were established. 
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iii) Active home treatment programme is an effective means of treating moderate 
IMT with initial deficit of passive neck rotation between 10 to 25°, provided 
that treatment is started prior to 4 months old. 
iv) Additional use of manual stretching to this group of moderate IMT cannot 
shorten treatment duration to a significant extent statistically. Accordingly, 
if caretakers are sensible and reliable to conduct the home exercise 
programme, active home treatment programme alone is preferred to the 
additional use of manual stretching to minimize discomfort of the infants. 
v) Due to the progressive nature of SMT in the initial 2 to 6 weeks after birth, 
close monitoring should be given in the first few months of treatment. 
vi) When moderate and severe IMT , who are less than 4 months old, are treated 
by manual stretching and active home treatment programme, treatment 
duration required increases 0.65 times for every 5° increase in initial PROT, 
and lengthens 6.5 times if no clicking of the mass of SMT cases has taken 
place. Age at start of treatment and the presence of SMT are not significant 
predictors of treatment duration. 
vii) Severity of IMT measured in terms of PROT and size of the mass can only 
account partly for the factors associated with the need of surgical 
intervention. Probably the present assessment method is not sensitive enough 
to predict the varied fate of similarly involved IMT. 
8,5 Suggestion for Future Studv 
This preliminary study has established a reliable method to measure PROT 
of IMT. With this quantitative measurement, the severity of IMT can be graded and 
thus the response to treatment can be evaluated. 
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The comparative study conducted on moderate IMT reveals the effectiveness 
of active home treatment programme in treating moderate IMT who are of age less 
than 4 months. Furthermore, additional use of manual stretching to this group of 
IMT cannot shorten treatment time significantly. Apart from these, the determinants 
for treatment duration of early IMT of moderate and severe severity treated by 
manual stretching and active home treatment programme are established by the 
prospective study. 
Based on these findings, future research on children with IMT may include 
patients of different age spectrum and severity. The treatment regime used may be 
modified in frequencies of manual stretching. The combined effect of active home 
treatment programme and manual stretching with the use of orthosis to maintain the 
desirable head posture is worth investigating. The effects of common physiotherapy 
modalities like therapeutic ultrasound and intermittent heat modalities are also worth 
studying. 
Lastly, the progression in size of mass and PROT as observed in Experiment 
1 further reflects the uncertainty in the pathology of SMT. An ultrasonic study on 
IMT has been started in the Prince of Wales Hospital and patients are followed up 
longitudinally. With this non-invasive investigation, it is hoped that the natural 
history of IMT can be better understood and more objective parameters can be 
validated for prognosticating purpose. Differential intervention for IMT with 
different severity may also be guided by the ultrasonic findings. 
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簡 單 來 説 ， 斜 頸 是 指 頭 向 一 邊 傾 側 。 
斜 頸 的 種 類 大 致 可 分 爲 原 發 性 （ 即 先 天 性 ） 
和繼褒性（即出生後 ¢ (於病變或創傷而引起 




2. 頸 部 側 向 患 處 及 轉 向 另 一 邊 。 
3. 嬰 兒 較 少 甚 至 不 轉 向 患 處 那 邊 。 
k^ 患處那迻面部較潙細小。 
5. 頭形可能有扃平現象。 
_ 注 意 ： 上 述 病 微 未 必 會 一 齊 出 現 。 
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n^^Mm-^m 
< • ^ “ ^ z 
圓示：左 1 1 病變 i " " " ^ ^ 
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現 及 接 受 物 理 治 療 ， 大 部 份 的 肌 肉 性 斜 頸 都 
能 獲 得 橋 正 ， 不 致 妨 礙 要 兒 的 正 常 發 展 。 關 
於 這 種 肌 肉 病 變 之 原 因 ， 至 今 尚 未 有 確 實 的 
解釋，可能的成因有•• 一 
1. 要 兒 頸 部 在 子 宮 內 處 於 不 正 確 的 位 置 。 
2. 在 生 産 過 程 中 肌 肉 受 到 創 傷 。 
3 . 由 習 慣 性 引 致 。 
^ 原因不明。 
P . 3 
兒童先天肌肉性斜頸除了要接受物理 
治 療 外 ， 家 長 在 家 中 的 照 顧 ， 例 如 携 抱 的 方 
法 、 要 兒 睡 姿 、 坐 姿 以 及 利 用 玩 具 來 引 導 要 
兒 伸 展 緊 的 一 邊 頸 肌 都 是 必 頻 的 。 這 本 小 册 





3 . 引 導 要 孩 把 頭 側 向 好 的 一 邊 ， 轉 向 患 處 
的一邊。 
注 意 ： 以 下 圖 片 以 友 J i ^ ^ 潙 例 
P . 4 
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在侧抱時，家長應將要孩 ^ ^ ^ ^ ^ 
頸 肌 緊 的 一 迻 向 下 抱 ， 並 〈 ^ ^ ^ 〕 
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@ 
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_ 
家 長 可 跟 要 孩 講 話 ， 或 利 用 Y ] s ^ 
玩 具 來 引 導 嬰 孩 將 薛 _ 白 緊 j ^ ( ^ ^ ^ 
^.,翁 
ffl .睡二姿 ^ ^ ^ ^ ^ ^ ^ = 
1 .仰臥： ^ ^ ^ t r 
家長以講話和玩具 d 
盡量引導要兒將頭 J S [ l l l l I I 
轉 向 緊 的 一 邊 。 此 2 3 j U ^ V ^ 
外 ， 娶 兒 床 和 玩 具 J ^ ^ u ^ ^ / 
的 擺 放 要 令 娶 兒 被 ^ ^ ^ ^ ^ “ ^ , 广 1 
周 圍 璟 境 和 聲 音 所 ^ ^ ^ ^ ^ Y 
吸 引 時 ， n g j m 向 ^ 1 J 
緊的一迻。 ^^^“^ 
2 .俯臥： 
在 日 間 ， 家 長 可 將 要 孩 放 於 俯 臥 的 睡 姿 ， 
並 將 他 的 頭 轉 向 緊 的 一 邊 ， 直 至 耳 朵 貼 於 
床 上 ， ^ ^ & ^ . m m n m ， M ^ m i s ^ m ^ ^ 
枕頭和被枚在 : 
床 h，床 ^^ t ^ , / 
不宜太軟。 ^ - ^ / 
^ 
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IV .坐姿 
1 . 四 至 五 個 月 大 的 要 兒 ， 坐 立 時 已 可 把 頭 抬 
起 ， 家 長 應 注 意 要 兒 頭 部 的 姿 勢 ， i y L M ^ 
側 ， 必 頻 加 以 德 正 o . 
^ M ^ 
P . 8 
V . 頸 部 肌 肉 揮 m 
1 稍 大 的 嬰 兒 於 俯 臥 時 已 肩 
經 可 把 頭 抬 起 ， 家 長 可 ^ i ^ 
以 用 玩 具 引 要 兒 轉 頭 向 4 ¾ ¾ ^ 
緊的一邊。 ^ ^ 
^ 
^ ^ 2X^ 
2 .家長應、時常用玩具引婴兒 . 
6勺m車專fei ^  fi^ — m ， 以 增 
加 頭 部 轉 動 範 圍 。 
� 
n J ^ 
r^ 
P . g ( ^ ^ ^ . 
3 . 家 長 亦 可 利 用 「 頸 部 傾 側 反 應 」 來 訓 練 小 
m友的頸肌。 
方 法 : 把 嬰 孩 坐 起 ， 然 後 左 右 慢 慢 擺 動 ， 
引導嬰孩把頭擺至正確位置（如圖）。 
( 可 把 要 孩 坐 在 家 長 的 大 腿 上 做 _ 練 ） 
準備運動的粢勢 
蓉 




> ^ "=rf^ 
^ ^ 
後傾時 前傾時 f . % 
希望各家長能積極地注意 z j 、孩的頸部 
姿 勢 和 持 久 地 運 動 頸 部 肌 肉 。 如 i n 頻 再 接 受 
物 理 治 療 時 ， 請 繼 續 在 家 中 觀 察 兒 童 之 成 長 。 
包括： 
1. 頭部：有沒有慣性傾惻 
2. 視 力 ： 眼 睛 有 沒 有 慣 性 斜 視 
3. 身體各部份的均衡發展 
如 有 懷 疑 ， 請 即 與 兒 科 醫 生 或 物 理 治 
療師查S $ o 
(本d、册子必頻在物理治療師彳旨導下應用） 
P . 1 2 
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